INDUSTRIAL 
HEALTH 


echanism of Uranium Poisoning 
ealth Protection of Uranium Miners and Millers 
S. E. Miller, D. A. Holaday, and H. N. Doyle 
he Variation of Effluent Concentrations from an Elevated 
Point Source 
Maynard E. Smith 
weluation and Control of Health Hazards in the Uranium 
Mining Industry 
E. C. Tsivoglou 


actors Affecting the Insurability of Nuciear Reactors 
Charles R. Williams 


rotection Against Radiations from the Public Health 
Point of View 


Lead Hazard in Boiler Cleaning 


R. J. Sherwood 
‘irst Inside Page 


AMERICAN MEDICAL ASSOCIATION Publication 


A.M.A 
e eile 
or 4 
ransportation of Large Quantities of Radioactive Materials 
Hanson Blatz 
Biealth and peed Activities in Reactor Operations and JULY 1956 = 
Chemical Processing 
A. 1. Cibriani VOLUME 14 NUMBER 1 
ndustrial Hygiene of Uranium Processing as 
M. Eisenbud and J. A, Quigley 
Aspects of the Atomic Energy industry 
Arthur E. Gorman 
Nir and Gas Cleaning for Nuclear Energy Processes 
Leslie Silverman 
From Tsivogou, p. 
| 
| 


Instructions to Contributors 


Communications regarding editorial management, subscriptions, reprints, etc., should 
be addressed to Specialty Journals, American Medical Association, 535 North Dearborn 
Street, Chicago 10. 

Articles, book reviews, and other materials for publication should be addressed to 
the Chief Editor of the Specialty Journal concerned. Articles are accepted for publica- 
tion on condition that they are contributed solely to that journal. / 

An original typescript of an article should be provided; it must be double or triple 
spaced on one side of a standard size page, with at least a 1-inch margin at each edge. A 
carbon copy should be retained by the author. An article in English by a foreign author 
should be accompanied by a draft in the author’s mother tongue. Improvised abbreviations 
should be avoided. 

The main title of an article may not contain more than seventy characters and spaces; 
a subtitle may be of any length. The subtitle should be sufliciently detached from the main 
title that a punctuation mark as strong as a colon can be used in the Table of Contents to 
separate it from the main title; it must not begin with “with.” 

The author’s name should be accompanied by the highest academic or medical degree 
which he holds. If academic connections are given for one author of an article, such con- 
nections must be given for all other authors of the article who have such connections. 

A Case Report must be preceded by an introductory paragraph containing at least 
thirty words before the details of the case are given. To avert the possibility of legal action, 
patients’ initials and hospital case numbers should not be published. bai 

Material quoted from another publication must be quoted exactly if the original is in 
English—spelling, capitalization, punctuation, etc., unchanged. Material taken largely from 
another publication must be credited to the original author, whether quoted exactly or 
merely abstracted. 

Each article should be accompanied by a summary in the present tense, presenting the 
—_ points of the article, but in somewhat more generalized terms than in the article 
itself. 

If it is necessary to publish a recognizable photograph of a person, the photograph 
must be accompanied by written permission of the subject himself if an adult, or of the 
parents or guardian if a child, to publish his photograph. An illustration which has been 
published in another publication must be accompanied by written permission from the 
author and the original publisher to reproduce it in an A. M. A. Specialty Journal. 

The maximum illustration allowance is ten illustrations within a total of 100 sq. inches 
or $100, whichever is of greater advantage to the author. When no restrictions are placed 
by the author upon cropping, reducing, and grouping, the publisher is often able to use 
twenty or more illustrations in one article with the $100 allowance. See an issue of this 
journal for examples. Oversized originals should be photographed and a print submitted. 
Large photomicrograph prints will be reduced in scale unless portions to be cropped are 
indicated by the author. ; 

Any cut-off marks should be made on the margins (or mountings) rather than on the 
illustration itself. Charts and drawings should be in black ink on hard, white paper. 
Lettering must be large enough to permit necessary reduction. Glossy prints of x-rays are 
requested. Paper clips should not be used on prints, since their mark shows in repro- 
duction, as does writing on the back of prints with hard lead pencil or stiff pen. Labels 
should be prepared and pasted to the back of each illustration showing its number, the 
author’s name, an abbreviated title of the article, and top plainly indicated. Charts and 
illustrations must have descriptive legends, grouped on a separate sheet. Tables must have 
captions. ILLUSTRATIONS SHOULD BE UNMOUNTED. 

References to the literature should be numbered in the order in which they are referred 
to in the text or listed in alphabetical order without numbers. A chronological arrange- 
ment, with all entries for a given year alphabetized according to the surname of the first 
author, may be used if preferred. References should be typed on a special page at end of 
manuscript. They should conform to the style of the Quarterly Cumulative Index Medicus, 
and must include, in the order given, name of author, title of article (with subtitle), name 
of periodical, with volume, page, month—day of month if weekly or biweekly—and vear. 
Names of periodicals should be given in full or abbreviated exactly as in the Quarterly 
Cumulative Index Medicus. Reference to books must contain, in the order given, name of 
author, title of book, city of publication, name of publisher, and year of publication. Titles 
of foreign articles, if originally in a generally known Romance or Germanic tongue, must 
either all be in English translation or all be in the original language. Titles in other 
languages must be translated. The author must assume responsibility for the accuracy of 
foreign titles. 

Matter appearing in the A. M. A. Specialty Journals is covered by copyright, but as a 
rule no objection will be made to its reproduction in a reputable medical journal if proper 
credit is given. However, the reproduction for commercial purposes of articles appearing 
in the A. M. A. Specialty Journals, or in any other publications issued by the Association, 
will not be permitted. 


AMERICAN MEDICAL ASSOCIATION 


535 North Dearborn Street Chicago 10 


ow 


TABLE OF CONTENTS 


VoLuME 14 JULY 1956 


NuMBER | 


ORIGINAL ARTICLES 


Peaceful Uses of Atomic Energy 


Transportation of Large Quantities of Radioactive Materials 
Hanson Blatz, E.E., P.E., New York 


Health and Safety Activities in Reactor Operations and Chemical Processing 
A. J. Cipriani, M.D., Chalk River, Ont. Canada 


Industrial Hygiene of Uranium Processing 


M. Etsenbud, E.E., New York, and J. A. Quigley, M.D., Cincinnati; Including W ork 
by M. Eisenbud; A. E. Brandt; J. Alercio; P. Klevin; W. B. Harris, and 
J. A. Quigley 


Environmental Aspects of the Atomic Energy Industry 
Arthur E. Gorman, Washington, D. C 


Air and Gas Cleaning for Nuclear Energy Processes 
Leslie Silverman, Sc.D., Boston 


Mechanism of Uranium Poisoning 
H. C. Hodge, Ph.D., Rochester, N. Y.; Including Work by A. Dounce; F. L. Haven; 
W. F. Neuman, A. Rothstein; C. Voegtlin, and J. H. Wills 


Health Protection of Uranium Miners and Millers 


S. E. Miller, M.D., Washington, D. C.; D. A, Holaday, M.A., Salt Lake City, and 
H. N. Doyle, B.S., Washington, D. C 


The Variation of Effluent Concentrations from an Elevated Point Source 
Maynard E. Smith, M.S., Upton, Long Island, N. Y 


Evaluation and Control of Health Hazards in the Uranium Mining Industry 
E. C. Tsivoglou, Ph.D., Cincinnati 


Factors Affecting the Insurability of Nuclear Reactors 
Charles R. Williams, Ph.D., Boston 


Protection Against Radiations from the Public Health Point of View 


A Lead Hazard in Boiler Cleaning 
R. J. Sherwood, B.Sc. (Eng.), S.M., A.C.G1., and Joan Bedford, London 


REGULAR DEPARTMENTS 


Abstracts from Current Literature 


OCCUPATIONAL HEALTH NEWS 
Health Economist Appointed 
Mobile Laboratory Built to Study High Intensity Noise.............0..0ceccecesceceeeeeees 
Safe "Hot" Lab Procedure 
Occupational Health Field Headquarters Adds Two New Scientists 
Preventive Medical Programs Needed in Industry 


Industrial Medicine: A Challenge to Industry 


, 
12 
43 
97 
97 
98 
99 
100 


A. M. A. 
Archives of Industrial Health 


‘CorvricHr, 1956, BY THE AMERICAN MEDICAL ASSOCIATION 


Published monthly by the AMERICAN MEDICAL ASSOCIATION. Editorial 
535 North Dearborn Street, Chicago 10, Illinois. Publication Office: Thompson Lane, Box 539, Nashville }. 
Tennessee. Change of Address: Notice to the circulation office should state whether or not change is per 
manent and should include the old address. Six weeks’ 
Second-class mail privileges authorized at Nashville, Tenn. 


and Circulation Offices: 


notice is required to effect a change of address. 


EDITORIAL BOARD 
PHILIP DRINKER, Chief Editor 
55 Shattuck Street, Boston 15 
CHRISTOPHER LEGGO, Crockett, Calif. OSCAR A. SANDER, Milwaukee 
ROBERT O’CONNOR, Boston H. H. SCHRENK, Pittsburgh 
FRANK PRINCI, Cincinnati CHARLES F. SHOOK, Toledo 
HERBERT E. STOKINGER, Cincinnati 


AUSTIN SMITH, Editor, A. M. A. Scientific Publications 
GILBERT S. COOPER, Managing Editor, Specialty Journals 


AMERICAN MEDICAL ASSOCIATION SCIENTIFIC PUBLICATIONS 
A. M. A. Specialty Journals 


Monthly 
A. M. A. Archives of Internal Medicine. Paul S. A. M. A. Archives of Pathology. Paul R. Cannon, 
Rhoads, M.D., Chief Editor, American Medical M.D., Chief Editor, Department of Pathology, Uni- 
Association, 535 N. Dearborn St., Chicago 10. versity of Chicago, The School of Medicine, 950 
Price $10.00; Canada, $10.50; Foreign, $11.50; in FE. 59th St., Chicago 37. Price, $10.00; Canada, 
dividual copy, $1.00." $10.50; Foreign, $11.50; individual copy, $1.00." 


A. M. A, Archives of Dermatology. Herbert Rattner, . 
M.D., Chief Editor, 104 S. Michigan Ave., Chicago. 4+,M- A. Archives of Neurology and Psychiatry. 


£0. Foreic en. Harold G. M.D., Chief Editor, Neurology, 
i Poe esl > $12.50; Foreign, $13.50; 525 E. 68th St., New York 21; Roy R. Grinker Sr., 

: M.D., Chief Editor, Psychiatry, Institute for Psy 

A. M. A. Archives of Ophthalmology. Francis Heed chosomatic and Psychiatric Research, 29th St. and 
Adler, M.D., Chief Editor, 313 S. 17th St.. Phuila- Ellis Ave.,» Chicago 16. Price, $14.00; Canada 


delphia 5. Price, $12.00; Canada, $12.50; Foreign, $14.50; Foreign, $15.50; individual copy, $1.50.t 
$13.50; individual copy, $1.2 


A. M. A. Archives of Surgery. Waltman Walters, A. M. A. Archives of Otolaryngology. George M. 


M.D.. Cl 1 Coates, M.D., Chief Editor, 1721 Pine St., Phila- 
tion, Price delphia 3. Price, $14.00; Canada, $14.50; Foreign, 
$14.00; Canada, $14.50; Foreign, $15.50; individual $15.50; individual copy, $1.50.t 


copy, $1.25.f 


A. M. A. Archives of Industrial Health. Prof. Philip 
A. M. A. Journal of Diseases of Children. 


) Robert Drinker, Chief Editor, Dept. of Industrial Hygiene, 
B. Lawson, M.D., Chief Editor, 1000 N. W. 17th Harvard University School of Public Health, 55 
St., Miami 36, Fla. Price, $12.00; anne, $12.50; Shattuck St., Boston 15. Price, $10.00; Canada, 
Foreign, $13.50; individual copy, $1.2 $10.50; Foreign, $11.50; individual copy, $1.00.* 


Price to students, interns, and residents: $6.00 in 7 Price to students, interns, and residents: $7.00 in 
U. S. & possessions. U. S. & possessions. 


ft Price to students, interns, and residents: $8.00 in 

U. S. & possessions. 
The price for individual copies applies only to this and the previous calendar year; 5 cents additional is charged 
for each year preceding the last calendar year. 
The Journal of the American Medical Association. Weekly. Annual Subscription Price: Domestic, $15.00 
Canadian, $17.00. Foreign, $21.50. Price to students, interns, and residents: $9.00 in U. 


S. & possessions. 
Quarterly Cumulative Index Medicus. Issued Twice a Year. 


Subscription Price, Calendar Year, $25.00. 


Checks, money orders, and drafts should be made payable to the American 
Medical Association, 535 North Dearborn Street, Chicago 10. 


~ INDUSTRIAL HEALTH 


re ivesm 


PEACEFUL USES OF ATOMIC ENERGY 


Transportation of olarge 


Whaterials 


HANSON BLATZ, E.E., P.E., New York 


The transportation of radioactive mate- 
rials involves a number of special consid- 
must be taken into 
account because of certain unique prop- 
erties of 


erations, which 


such materials. This problem 
first presented itself in the United States 
as early as 1936, at which time undevel- 
oped photographic films being transported 
were damaged by the radiation 


from 
radium being shipped at the same time. 
As a result of this and other incidents, 
particularly concerning shipments of sen- 
sitive photographic certain 
precautions were recommended in order 


emulsions, 


to prevent injury to personnel or harm to 
property during such shipments. 

In considering the necessary precau- 
tions in shipping radioactive material, 
there are several aspects to the problem 
which must be dealt with separately. 
First, the health of transportation work- 
ers as well as others concerne' with the 
loading, unloading, and handling of pack- 
ages must be protected. Then, photo- 
graphic must protected 
against the effects of radiations emitted 
from the packages. These first two con- 
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siderations are both concerned with the 
nature and amount of radiation emitted 
from the packages themselves. Other as- 
pects with 
may 


are concerned radioactive 


contamination which result from 
shipments of such materials. First is the 
possibility of carrying radioactive con 
tamination on the outside of packages to 
the extent that it may be transferred to 
other objects, thereby causing a possible 
health hazard to handlers or a technical 
hazard to photographic materials or sci- 
Another contamina- 


entific instruments. 


tion consideration is that of possible 
leakage or the rupture of a package during 
transportation. 

All these problems have been recognized 
for some time, and in the United States 
regulations have been enacted in order to 
require shippers to observe certain mini- 
mum standards of packaging and labeling. 
Such regulations have been promulgated 
by the Interstate Commerce Commission, 
the Civil Aeronautics Board, the Post 
Office Department, and the United States 
Coast Guard, each covering shipments 
within its particular jurisdiction. 

Since the advent of the atomic energy 
age, the U 


has been 


.S. Atomic Energy Commission 

particularly concerned with 
shipments of large quantities of various 
of radioactive materials, much of 
them in bulk or loose form, such as granu- 


types 


lated or powdered dry materials, sludges, 
or liquids. Some of these contain radium 
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from which radon gas is emitted. The 
handling of large shipments presents 
problems which are distinctly different 
from those encountered in the shipment 
of small quantities, which may be readily 
packaged according to the accepted stand- 
ards. 


As in all studies of radiation protection 
and contamination control, the ultimate 
objectives must be balanced against costs. 
It is invariably possible to plan an ac- 
tivity—in this case a shipment of radio- 
active material—in such a way as to be 
completely safe, but the cost is often 
prohibitive and unjustified. Special ar- 
rangements have, therefore, been made for 
the shipment of large quantities of ma- 
terials in a manner other than that pre- 
scribed for small quantities but which is 
believed to involve no greater risk to 
health or property. 


A special provision has been made in 
the regulations for carload shipments of 
bulk radioactive materials, in which the 
car is treated in much the same manner 
as a package is considered in the ship- 
ment of smaller quantities of materials. 
In other words, the car must be loaded 
and braced in a prescribed manner, and 
the radiation levels on the outside of the 
car must be within certain limits. The 
regulation currently used to cover such 
shipments reads: “Radioactive materials, 
such as ores, residues, etc., of low activity 
packed in strong tight containers are 
exempt from specification packaging and 
labeling requirements for shipment in 
carload lots by rail freight only, provided 
the gamma radiation or equivalent will 
not exceed 10 mr per hour at a distance 
of 12 ft. from any surface of the car and 
that the gamma radiation or equivalent 
will not 10 mr per hour at a 
distance of 5 ft. from either end surface of 
the car. There must be no loose radio- 
active material in the car, and the ship- 
ment must be braced so as to prevent 
leakage or shift of lading under conditions 
normally incident to transportation. The 


exceed 
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car must be placarded by the shipper.” 
The particular radiation levels stated in 
this regulation were arrived at after con- 
sidering two possible difficulties that 
might arise. 


The 10 mr per hour at the 12 ft. dis- 
tance represents the maximum calculated 
risk of radiation exposure damage to 
photographic material in an adjacent 
railroad car. Such a calculated risk would, 
of course, involve the length of time 
during which such cars would remain in 
adjacent positions as, for example, in a 
freight yard. 

The lower value of 10 mr per hour at 
a distance of 5 ft. from either end of a 
car was set in order to reduce the expo- 
sure of railroad workers engaged in 
coupling or uncoupling the cars. Addi- 
tional protection is afforded in the event 
of any necessary repairs by a statement 
on a large placard affixed to the side of 
each carload of radioactive material (ex- 
cept, of course, where such shipments are 
escorted). These placards, which are con- 
spicuously marked with the conventional 
warning symbol, limit the length of time 
during which a worker may remain close 
to or underneath such a car, and a tele- 
phone number is given for notification in 
the event of required emergency repairs. 
This approach has been quite effective 
a number of times when it was necessary 
to make such a repair to the truck of a 
freight car during the course of its travel. 
The designated office was notified, and 
a surveyor was dispatched to the location 
of the car in order to make measurements 
and direct the repairs insofar as limiting 
the exposure of the repairmen. 


After use, the car must be suitably 
cleaned if it is then to be used in the 
shipment of other materials. Ordinarily 
such cleaning is done by means of a 
central-type vacuum cleaner, which col- 
lects any spillage from the floor without 
ejecting it into the air. Occasionally 
scrubbing and even sandblasting have 
been necessary to clean cars to the pre- 
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scribed limits. On a few occasions car 
floors have been replaced or repaired in 
order to remove badly contaminated floor 
boards. In order to avoid repeated clean- 
ing of freight cars, the Atomic Energy 
Commission has obtained special cars 
which are used for no other purpose than 
the transportation of radioactive or con- 
taminated materials. 

When bulk shipments of radioactive 
materials were first made on a large scale, 
it was decided not to permit them to go 
by automobile truck on public highways. 
With favorable experience in the ship- 
ment of carload quantities, and also based 
on a good experience record in the ship- 
ment of other dangerous material, such 
as explosives, by truck, it was decided to 
parmit such shipments under close con- 
trol. In many cases railroad routes are 
such that truck shipment is much more 
economical. At present all truckload 
shipments are made either by special 
permit or under escort by the Atomic 
Energy Commission. In spite of the fact 
that a considerably large volume of ma- 
terial has been shipped by truck in this 
manner, there have been no major acci- 
dents. It is, therefore, planned to con- 
sider permitting truckload shipments in 
much the same manner as railroad car- 
load shipments are now permitted under 
the general regulations. 

One problem which presents itself in 
the shipment of large quantities of ma- 
terials in a closed boxcar or truck is that 
much of the material handled contains 
quantities of radium which, in turn, ema- 
nate radon gas. When, after a consider- 
able time, during which the car doors 
have been tightly closed, it is necessary 
for workers to enter the car in order to 
unload the material, they are apt to be 
confronted with a concentration of radon 
gas which would be excessive for inhala- 
tion. For that reason the special railroad 
cars assigned to this service have been 
equipped with large ventilating exhaust 
fans in order to provide adequate move- 
ment of air before the cars are entered. 


The Figure shows the location of the 
ventilating fan grille in the end of the car. 
The usual procedure is to open the car 
doors, which are located at the center of 
the car, and exhaust the air through both 
ends by means of the fans. In this way 
the accumulated radon can be cleared 
out of each car in a short period of time. 
In some instances where such mechan- 
ically ventilated cars have not been avail- 
able, cattle cars have been substituted. 
The cattle cars have walls which are made 
of wooden slats rather than solid material 
and thereby provide adequate ventilation 
during transit. These cars, however, are 
not ideally suited, because they do not 
protect the materials from the elements 
during bad weather. 

In the case of granulated or powdered 
dry material and sludges the material is 
placed in steel drums, generally of either 
30 gal. (113.6 liter) or 55 gal. (208.2 liter) 
capacity, and in the case of moist mate- 
rials the covers are provided with gaskets 
in order to prevent leakage of material. 
In the case of some relatively low-activity 
materials they are shipped in fiber cylin- 
drical containers, with tight-fitting tele- 
scopic covers. Studies have been conducted 
to consider the feasibility of transporting 
these materials in hopper cars and tanks 
cars, but the problems of loading and un- 
loading proved so formidable that the ad- 
vantages provided by such shipments did 
not compensate for the disadvantages. 

The possibility of transporting much 
of the raw and semiprocessed materials 
from plant to plant within the United 
States by water has been studied several 
times, but since most inland waterways 
in the United States are also used for 
domestic water suply, it was believed that 
the hazard of contaminating drinking 
water, in case of a major wreck, was too 
great a risk to take to justify the saving 
in cost. The same consideration has been 
given to the possibility of a serious train 
wreck in a watershed area, but, except in 
the case of liquid materials, it is believed 
that material could be salvaged before it 
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could become dissipated into the ground 
and watershed. For this reason special 
considerations have been given to the 
shipment of liquid radioactive materials, 
and in most cases they are shipped in 
double containers. 

Recently an additional problem in the 
transportation of large quantities of radio- 
active materials has been because of the 
larger and larger units of artificially pro- 
duced radioactive isotopes which have 


been made available. The original regu- 
lations provided that no more than 2 c. 
of radioactive material could be shipped 
in one package without special arrange- 


4 


ments being made to insure safety. It is 
quite common today to require the trans- 
portation of 5 to 10 ke. units of Co™, 
which far the quantities with 
which we have had experience in the past. 


exceed 


It would be well at this time to review 
the reasons for limiting the shipment of 
packaged radioactive material, in general, 
to 2 c. In shipping a package by express 
or freight in the United States, the exact 
route of travel is not usually predeter- 
mined, so that the shipper cannot easily 
keep track of the location of the package. 
Most transport workers are not familiar 
with either the hazards associated with 
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radioactive materials or the terminology 


used in their designation to such an extent 
that it would be possible for them to 
handle a package in the appropriate man- 
ner in the event of an accident. Although 
each package is provided with a warning 
sign, it is believed that an accident in- 
volving such material could result in the 
obliteration or the removal of such a 
warning sign, and a value of 2 c. was 
selected, quite arbitrarily, as the limit 
beyond which the risk of harming an 
unsuspecting salvage worker would be 
too great to take. Recent modifications 
of shipping regulations have permitted 
the increase of this limit to a much higher 
level but only under the condition that 
additional precautions be taken to protect 
salvage workers in the event of a wreck. 
For example, for larger amounts the con- 
tainer must be constructed in such a 
manner that the lead shielding is not 
likely to melt and run off in the event 
of a high-temperature fire. nor can the 
identification be obliterated by an ordi- 
nary fire. This is done by providing an 
outer container of heavy welded steel con- 
struction to withstand high temperatures 
and also by providing engraved warning 
signs outside the container, which will not 
be removed by fire. The mechanical 
strength of such a container has also been 
increased. 

Occasionally it is necessary to ship 
materials, which cannot be packaged. in 
a manner which will meet the accepted 
safety standards. In such cases the ship 
ments 


are escorts. 


Whenever a properly designated escort 


accompanied — by 
accompanies such a shipment, it is not 
necessary to comply with any of the 
regulations. It has been the policy of 
the Atomic Energy Commission, how- 
ever, not to use the presence of an escort 
as an excuse to evade safety regulations. 
Whenever an escort accompanies such a 
shipment, his presence is intended to 


compensate for any exemption from regu- 
For example, if the package is 
such that it would be a hazard to the 


lations. 


MATERIALS 


shipment of photographic emulsions in 
proximity, it is his duty to see that no 
such emulsions are loaded into a car near 
If the hazard is 
related to the possibility of the train or 


the radioactive material. 


truck being wrecked, the escort does not 
necessarily travel on the same train or 
truck but keeps in continual touch with 
it so that, in the event of a wreck, he will 
be in a position to warn salvage workers 
and take charge of the radioactive ma- 
terial. 

In recent years the transportation of 
scrap materials and obsolete or worn-out 
machinery contaminated with radioactive 
material has presented a problem. In 
addition, considerable quantities of radio- 
active waste materials have accumulated. 
It is frequently necessary to transport 
for the 
purpose of disposal or for reprocessing 
to produce new materials. Much of the 


these materials great distances 


material is in the form of scrap metal in 
various that 
The concentrations of radio- 


shapes cannot easily be 
packaged. 
active material in such scrap usually 
present only the problem of contamina- 
tion control; the direct radiation hazards 
are insignificant. The principal problem 
is to transport such materials in the most 
economical manner and in such a way 
as to reduce the possibility of contamina- 
tion spread. Usually such materials are 
shipped in gondola cars, which are rail- 
road cars in the shape of an open-top box 
the are 


Usually the only precaution 


into which scrap materials 
dumped. 
necessary is to see that. in loading and 
unloading, radioactive dust levels are not 
raised to such that the air 


concentrations become an inhalation haz- 


an extent 
ard, and also that the gondola cars are 
adequately cleaned after use in order to 
prevent the contamination of other ma- 
terials which may later be shipped in the 
same cars. 

The history of the transportation of 
large quantities of radioactive materials 
has been remarkably free of accidents 
during the many vears of activity of 
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the Atomic Energy Commission. A re- 
view of a few accidents which have 
occurred has served to assist us in formu- 
lating transportation policy. 

One incident which occurred during 
the war period, during which much obso- 
lete railroad equipment was in use be- 
cause of shortages, involved a drum of 
uranium ore which plunged through the 
floor of an old wooden box during transit. 
The drum was a 55 gal. drum which, 
when filled, weighed some 2000 Ib. The 
drum hit the road bed, and its contents 
were spread over a considerable area. 
The contents of the drum were shoveled 
up by railroad workers and placed into 
a new drum which was then forwarded 
to its destination. This incident, while 
very minor, is mentioned because of the 
fact that it was one of the first transpor- 
tation accidents involving radioactive 
material and because it aroused consider- 
able apprehension on the part of some of 
the workers in cleaning up the material. 
One worker made a claim that, whenever 
he wore a watch, it operated improperly 
and thereby ascribed this to the fact that 
he had become radioactive. This accident 
merely required the education of the per- 
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son involved, since there was, in fact, no 
damage done. 

Another involved the acci- 
dental dropping of a drum of uranium- 
bearing ore into a river in the course of 
its transfer from barge to dock. The 
recovery of this drum necessitated the use 
of a deep-sea diver and his equipment, 
but the drum was recovered intact. 

Another accident involved the burning 
of a truckload of uranium metal on a 
public highway. The cause of the fire was 
never adequately explained, but the ura- 
nium was completely burned, and the 
contaminated remnants were removed 
without incident. This accident pointed 
out the importance of avoiding heavily 
populated areas or roads with dense ve- 
hicular traffic for the transportation of 
such pyrophoric radioactive material. 

Another truck accident involved the 
overturning of a truck loaded with low- 
grade radioactive wastes on its way to 
a dump. Here again was an incident 
where virtually all the material was 
quickly recovered and transported to its 
destination, but the accident caused ap- 
prehension on the part of the residents 
in the neighborhood because of an un- 
founded fear of anything radioactive. 


incident 


Health aud Safety Activities in | 
Operations rocessing 


A. J. CIPRIANI, M.D.,+ Chalk River, Ont., Canada 


1. INTRODUCTION 


1.1 Radioactive materials became an 
industrial health problem when radium 
and mesothorium were used in the dial 
painting industry. Unfortunately the 
toxic nature of these substances was not 
fully appreciated until they had affected 
the health of those working with them. 
Within the last decade the industrial 
health problem has grown considerably 
as a result of the production from nuclear 
reactors of large amounts of radioactive 
nuclides. There has also grown a philos- 
ophy that the occupational damage which 
occurred in the past from ionizing radia- 
tion should not be repeated. This poses 
the following questions: 
1. How can workers handle large radiation sources 

without suffering harmful radiation exposures ? 
2. How can work be with large 
radioactive materials without get- 
ting harmful amounts into the body by ingestion 
and inhalation ? 


carried out 
amounts of 


3. How can one work with loose radioactive ma- 
terial and not contaminate the working environ- 
ment so that there is ultimately a health hazard ? 

4. How can one deal with radioactive effluent so 
that the safety of the surrounding population 
is ensured? 

1.2 The exposure of workers to radia- 
tion levels above the natural background 
is now an accepted situation in nuclear 
energy plants. The prevention of over- 
exposure to radiation is a function of 
proper plant design, the existence of an 
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adequate system of hazard control, and 
adherence to a proper code of practice, 
in this case the recommendations of the 
I. C. R. Pt Experience at Chalk River 
shows that exposure to radiation can be 
controlled within acceptable limits even 
under emergency conditions.? 


2. EXTERNAL RADIATION EXPOSURE 


2.1 External exposure data for the 
Chalk River Project of Atomic Energy 
of Canada are presented as a guide to 
what may be expected in practice in 
atomic energy work. The frequency of 
occurrence of annual total exposures is 
tabulated in terms of class of work and 
for a three-year period. The figures for 
1952 and 1954 represent normal operat- 
ions, while those for 1953 represent an 
abnormal 


emergency period wherein a 


considerable effort was directed toward 
decontaminating and rebuilding a seri- 
ously damaged reactor. 

2.2 During the period covered by Table 
1 the total employment averaged 1800 
persons. Certain observations are perti- 
nent. Despite work in high radiation 
fields (in several cases involving entry 
of personnel into fields greater than 50 
r/hr.), only one person received more than 
the recommended upper limit of 15 r/year. 
This exposure of 16.1 r occurred acciden- 
tally to a person lacking any experience 
in active work and under supervision 
which also had little experience with 
radiation. 

2.3 The abnormal situation in 1953 in- 
volving the restoration of N.R.X.* 
shows the value of careful planning. The 
experienced reactor personnel were kept 
working throughout the vear with rela- 


* Chalk River experimental reactor. 
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Class of Work (Normal) 


High activity 
Reactors 


Maintenance 
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TABLE 1.—Frequency of Occurrence of Various Exposure Levels 


Year 


Exposure Range in Roentgens/ Year 


1-3 3-5 5-10 


1-15 


Moderate activity 
Research. 


Others... ....- 


Low activity. 


Totals__.- 


tively modest exposures by calling on 
personnel normally in inactive work to 
carry out the tasks involving the higher 
radiation exposures. As a result, the 
figures for 1953 show the moderately high 
exposures were distributed widely among 
all plant personnel. It is interesting to 
note that chemical operations personnel 
who were not directly involved in pile 
restoration were responsible for the ma- 
jority of exposures over 10 r/year, al- 
though the pile restoration work involved 
five times the total exposure received in 
all other work combined. This, in part, 
could be a result of concentration of pro- 
tective measures and attention on pile 
restoration with relaxation of supervision 
in areas considered less critical. 

2.4 Since this pliant is of early design 
and has suffered from some “growing 


8 


up,” the problem should be more easily 
dealt with in better designed installations 
which would have the benefit of past 
experience. 

2.5 At Chalk River it has been found 
that, in order to preserve adequate radia- 
tion hazard control standards, it is neces- 
sary to keep the organization of the 
control personnel separate from that of 
the operation groups. A similar situation 
exists at all other places in Canada where 
radiation workers receive this service, at 
the moment from the Department of 
National Health. 

2.6 In general, the figures presented 
justify the belief that an efficient radia- 
tion protection service, well integrated 
into the over-all project organization, can 
result in a large output of work in high 
radiation fields with no need for serious 


overexposure. 


>15 
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3. INTERNAL RADIATION EXPOSURE 

3.1 The entry of radioactive materials 
into the human body, where they might 
remain and irradiate specific tissues with 
adverse effects, presents a more complex 
problem. A great deal of provisional in- 
formation exists on what amounts of the 
various radioactive nuclides may exist in 
the body without harmful etfects.* From 
these figures are derived maximum per- 
missible amounts of radioactive materials 
in air and water for continuous intake, 
but this is of a form more useful to the 
plant designer than to those working 
with health hazards, because. in practice, 
the first indication of internal contamina- 
tion is often the presence of radioactive 
material in the excreta of the worker, 
without a knowledge of the exposure 
conditions. Since the correlation between 
excretion levels and hazard estimation 
is at present unsatisfactory and_ since 
there are at present no good methods of 
usefully increasing excretion of the wide 
range of elements involved, a conserva- 
tive approach is taken. This involves 
very strict measures to prevent intake and 
the removal of internally contaminated 
persons from working areas when the 
activity of their urine reaches arbitrary 
low levels. 

3.2 Urinary assays are carried out by 
the Medical Division at Chalk River. The 
samples are collected at home, because 
it is not practicable to collect them during 
working hours and not desirable because 
of the strong possibility of contamination. 
Since the daily creatinine excretion is 
relatively constant and related to body 
weight, this is used in estimating the 24- 
hour excretion of radioactive material 
from that measured in the partial sample 
of urine. The practice is to treat internal 
radioactive contamination conservatively 
and to rotate personnel who have radio- 


active materials in the urine. Workers 
are removed from contact with loose 
radioactive substances when the urine 


activity reaches the following levels: 
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Returned 
Material Removed from Work to Work 
1. Mixed fission 150 d.p.m. in a 24-hr. 50 d.p.m. 
products sample 
2. Plutonium 3-4 d.p.m. 3-4 d.p.m. 
Disintegrations per minute. 
> oF P 
3.3 The arbitrary level chosen for 


mixed fission products is based on the 
following: 

(a) It is a level which can be easily 
measured. It is usually not measured 
immediately after exposure, since 
samples are not done daily and the 
time of exposure is not usually 
At this time the urine level 


would be much higher. 


The contamination is 
be strontium in all 


known. 


(b) presumed to 


based on 
the results of many spot analytical 
checks. It can be said that mixed 
fission products in the urine are the 
most frequent cause of urinary con- 


Cases, 


tamination which has been encoun- 
tered. 


3.4 Urine tests are carried out on all 
personnel in certain critical areas every 
three months. Spot checks are done on 
some of these workers every week. Addi- 
tional tests are done promptly on persons 
suspected of being accidentally exposed. 

3.5 Table 2 gives the results from the 
bioassay laboratory for the year 1953 to 
1954. 

3.6 With this conservative policy re- 
garding internal contamination, a serious 
attempt is made to prevent such occur- 
rences. This, in brief, involves the control 
of air-borne contamination by installation 
of proper ventilation systems and the 
prompt cleaning up of spilt radioactive 
material. Filtration of potentially con- 
taminated air is an important considera- 
tion. At Chalk River the Cambridge 
absolute filter or its equivalent is used 
for filtering out the fine particles.4 To 
preserve the life of this filter, it is usually 
preceded by roughing filters, and if acid 
or moisture is likely to be present, the 
air is scrubbed and dried. Together with 
this there are strict rules controlling 
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TaBLe 2.—Bioassay Results April 1, 1953-March 31, 1954 


Total 


Branch Tests 


Excretion, D.P.M./24 Hours 


Neg. 100-150 150-500 
Pile operations__- 
Chemical extrac- 
tion a 5 2 73 49 
Chemical control__- 24; 3¢ 24 
Process and 
development- 
Isotope production _ 
Radiation hazards 
319 218 22 


512 139 92 


3175 2249 d 205 


Results—M ixed 


500-Over 


Fission Products Plutonium 


Removed from Work 


1-3 >6 
Total Weeks Weeks Weeks Neg. 


271 


* The three starred columns which should check on addition do not because an individual worker's lost time is accumulated. 


eating and smoking in the active areas. 
A controlled respirator and protective 
clothing program is in force when work 
must be done in contaminated areas. The 
use of respirators gives a certain confi- 
dence to the worker, so that this 
equipment must function properly me- 
chanically. Since respirators are uncom- 
fortable to wear for long periods, a 
certain amount of discipline has to be 
exercised to prevent their misuse. 


4. RADIOACTIVE CONTAMINATION 


4.1 The insidious spread of radioactive 
contamination is such that original back- 
grounds are never restored even after 
prompt and thorough decontamination 
efforts. Owing to the experimental nature 
of the work at Chalk River, equipment 
and other failures leading to substantial 
contamination occur from time to time. 
It is possible to live with such incidents 
if they are dealt with promptly and to 
accept in certain circumstances an in- 
creased radiation background from fixed 
contamination.” Such an increased radia- 
tion background from fixed contamination 
in working areas is acceptable if it does 
not approach the level which is consid- 
ered unsafe from the health point of view. 
In practice, a worker receives his weekly 
radiation exposure by working in radia- 
tion fields which are higher than those 
which would result in the weekly expo- 
sure if received at a uniform rate. If the 
ambient radiation in working areas ap- 
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proached the acceptable uniform rate of 
6.5 mr/hr., no work in higher fields could 
then be done without receiving an over- 
exposure. Although it is not the philoso- 
phy that each worker get his full 0.3 r 
per week, it is often impractical to avoid 
this in operations during some weeks. 
4.2 Incidents leading to local contam- 
ination are not difficult to deal with un- 
less the radiation fields are extremely 
high; however, widespread more or less 
uniform 
matter. 


contamination is a_ different 
In this case it is necessary to 
have a rapid monitoring method which 
would indicate the progress of the clean- 
up over a relatively small area within 
the contaminated field. This was one of 
the main monitoring problems encoun- 
tered in the decontamination of the N. R. 
X. reactor building; directional monitors 
and differential monitors were tried, and 
a proper solution has not yet been found. 
As far as decontamination procedures are 
concerned, some foresight exercised in 
the construction of buildings in which 
radioactive materials are to be used is 
an important factor. The main part of 
decontamination is concerned with the 
removal of radioactive material from 
surfaces. At one time the use of strip- 
pable coatings was favored and is still 
worth while if such coatings are im- 
pervious. Experience has now shown 
that the important factor is the prepara- 
tion of the base surface, especially in the 
case of concrete. With a proper paintable 
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concrete surface, any good paint which 
will bond to the surface can be readily 
decontaminated. 

4.3 The use of special agents for de- 
contamination will not be treated here, 
but suffice it to say that as yet there is 
no general substitute for a thorough 
scrubbing with soap and water and de- 
tergent. Any decontamination operation 
results in contaminated material and 
solutions. These are of the class which 
can usually be disposed of to the ground. 
5. CONCLUSION 

5.1 There have been no significant 
radiation accidents at Chalk River since 
operations started. Constant surveillance 
and strict control are largely responsible. 
An independent radiation hazards control 
organization, with well-trained personnel 
in critical positions, is considered essen- 
tial to good control. At Chalk River it 


is the practice to consider radiation haz- 
ards in the early planning of operations. 
This step has done much to reduce the 
hazards which always accompany im- 
proper planning and design. 
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Hygiene of rocessing 


M. EISENBUD, E.E., New York 

and 

J. A. QUIGLEY, M.D., Cincinnati 

Including Work by M. Eisenbud, A. E. Brandt, J. Alercio, 
P. Klevin, W. B. Harris, and J. A. Quigley 


The conversion of uranium ores to 


compounds suitable fur reactor operation 
has become one of the world’s important 
metallurgical industries. In the era of 
nuclear technology the refining of ura- 
nium undertaken in amounts 
comparable with many of the nonferrous 
metals. This report summarizes the 
knowledge which has been accumulated 
during more than 10 years of large-scale 


will be 


operation of plants which process ura- 
nium. 


The potentiai hazards which are inci- 


dental to processing this metal will, of 


course, depend on the characteristics of 
the ore and the refining process. Ores 
from various parts of the world differ in 
their uranium and the various 
with the uranium 
series. This report will consider the case 
of a high-grade pitchblende assaying 25% 
uranium. 


content 
isotopes associated 


Description of Process 


The ore is ordinarily received in sealed 55 gal. 
drums and is dried, crushed, and blended prior to 
digestion in nitric acid. Acid insoluble components, 
such as silicates and silica, are removed by filtra- 
tion. Radium, originally present in a concentration 
of about 100 mg. per ton, is then coprecipitated 
with barium sulfate. 
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The uranium is extracted from solution as uraiy 
nitrate by an organic solvent, leaving the isotopes 
of thorium and protoactinium in the aqueous phase, 
The uranyl mitrate is later stripped from the sol- 
vent into a water solution which is thermally deni- 
trated to the orange uranium 
oxide). 

The orange oxide is converted by reduction in 
a hydrogen atmosphere to uranium dioxide (brown 
oxide), which is further converted to uranium 
tetrafluoride by reaction with anhydrous hydrogen 
fluoride. If metal is desired as the final product, 
UF, (a green salt) can be reduced by a thermite 
type of reaction with the use of metallic magne- 
sium. This step produces a metal ingot which may 
be purified by recasting under high vacuum. The 
purified uranium metal can be machined, rolled, 
or extruded into the final form required. 

When hexafluoride is desired as the 
end-product, the uranium tetrafluoride is reacted 
with fluorine gas. 
tile and passes off as a gas which is subsequently 
condensed and bottled. 


trioxide (orange 


uranium 


Uranium hexafluoride is vola- 


Potential Health Hazards 


In Table 1 are presented the various 
hazards which may be expected to occur 
A de- 
tailed discussion of these potential haz- 
ards and the methods by which they are 
controlled is not possible in a_ single 
presentation, but some general observa 
tions can be made. 


at various places in the process. 


Gamma Exposure.—In processing high- 
grade ores, radiation exposure may be con- 
trolled by process shielding, remote oper- 
ation, or personnel. The 
latter practice has been employed primarily 
in the early steps of the process where 
the radium is still present. 


rotation 


3y admin- 
istering the maximum permissible dose 
as 3.9 r per 13 weeks (one-fourth year) 
rather than 0.3 r per week, it has been 
possible to keep all personnel within 
acceptable limits at a considerable sav- 
ing in the cost of process shielding. A 
simple example is the manual handling 
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Source Potential Exposure 
Potential of 


TABLE 1.—Summary of Potential Hazards from Processing Pitchblende Containing 25% Uranium 


Under Normal 
Operating Conditions But with Remarks 


Hazard Exposure No Controls 
Gamma 1. Handling 50 mr/hr. adjacent to stack of | drums ‘of Radium conte nt of 0 ore approximately 100 
radiation ore ore mg. per ton 


2. Precipitates 100 mr/hr. 
containing 
radium 


UF; 


2. Vacuum 


uranium what higher 
billets 


. Handling 


adjacent to stack of drums 


Beta radiation 1. Conversion 2-3 rad per week possible among workers 
of UF, to loading and unloading reaction vessels; 


dose to hands may be higher 


Furnace operators may receive 
casting as 2 rad per week; dose to hands some- 


Dose to basal epithelium of skin approx. 


Ra?*** content approximately 300 mg. per 
ton 


Gaseous U F «is removed, leaving — acted 
residue highly enriched UX,, UX: 


as much Sources of beta radiation are distilled 
impurities which contain UX; UX: 
and condense on furnace interior 


90% of equilibrium beta activity is re- 


metallic 235 mrad per hour when in contact with stored 90 days after vacuum casting 
uranium U_ metal in equilibrium with ; 
UX: 


Radon Storage of ores 
inhalation in closed spaces range as high as 10-* ¢ 


With no ventilation concentration may 
1 


Conditions much improved by even 
minimal ventilation in storage and 
processing areas 


Inhalation of 1. Sampling Daily average concentrations up to 5 mg. Dust contro] techniques normally em- 
alpha-emitting and crushing per cubic meter have been experienced ployed in processing toxic metals are 
dusts and ore at operations in which good process and effective 
fumes area ventilation was not provided 


. Mechanical Daily average concentrations up to 5 mg. Dust control techniques normally em- 
or manual per cubic meter have been experienced at ployed in processing toxic metals are 
handling operations in which good process and effective 
of dry U area ventilation was not provided 


salts and 
oxides 


. Eseape of 
gaseous of UF. may occur 
Fe 


. Machining 
metallic U phorie nature of 


of drums of high-grade ore. This is an in- 
termittent operation in which an em- 
ployee can receive his weekly maximum 
permissible dose in only a few hours. 
Rotation of personnel has been accepted 
as a logical means of controlling indi- 
vidual exposures in lieu of expensive 
mechanized equipment that would other- 
wise be necessary. 

The kind of ore being processed will, 
of course, markedly influence the gamma 
dosages encountered. High-grade ores 
are usually correspondingly high in ra- 
dium content and, therefore, relatively 
more active as gamma _ sources. A 
worker standing 2 ft. from a pile of drums 
containing pitchblende of 25% uranium 
content will receive about 25 mr/hour. 
If he is transferring a drum by an un- 
shielded fork-lift truck, he is receiving 
about 10-15 mr/hour. 

Beta Exposure—tThe beta dose to the 
basal epithelium of hands in contact with 


Massive exposures due to sudden releases 


Excessive possible due to pyro- 


High standards of maintenance are re- 
quired to prevent leaks at valves, flanges, 
etc. 


Store chips under oil; use liberal quantities 
of cooling oils 


uranium metal is estimated from extra- 
polation chamber measurements! to be 
235 millirad (mrad) per hour. A _ horse- 
hide leather glove will reduce this ex- 
posure by about 80%. The maximum 
permissible dose to the hands is 1500 
mrad per week, and therefore contact 
dose from uranium is not a serious lim- 
itation except for those very few workers 
who cannot limit their bare-handed con- 
tact with the metal to less than 6 hours 
per week or to 24 hours per week if the 
protection of leather gloves is available. 

UX, and UXs, being isotopes of prot- 
actinium and thorium, are capable of con- 
centration and separation by a variety of 
physical and chemical means. For ex- 
ample, these daughter products of ura- 
nium are condensed in the cool parts of 
the vacuum furnace along with other 
impurities which are low-boiling with 
respect to the natural uranium. Also, 
when uranium tetrafluoride is converted 
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to UF¢, a gas, UX; and UXz do not form 
volatile compounds, as does uranium, but 
remain behind with other impurities. 
Residues such as these are relatively ac- 
tive beta emitters and, as noted in Table 
1, have delivered in practice whole-body 
beta doses up to 3 rad per week. 

Radon Inhalation —When 
ores of radium-enriched 


high-grade 
residues are 
stored in enclosed spaces, the radon con- 
centration may reach 10° to 107 c. per 
liter. These levels are considerably in ex- 
cess of the maximum permissible dose to 
radon, but they are actually of little 
hygienic significance, because concentra- 
tions can be reduced remarkably by mod- 
erate amounts of general ventilation. 

The potential hazard from radon is 
now regarded ? to be due to the inhalation 
of inert dust containing adsorbed radio- 
It has been 
estimated that, when these daughters are 
in equilibrium with radon, the dose from 
radon per se is only one-half of 1% of 
the dose from radon plus its daughter 
products. 


active daughters of radon. 


When gaseous radon diffuses from a 
radium-containing material, equilibrium 
with its daughter products 
reached in about two hours. 


will be 
In order for 
the workroom air to contain both radon 
and its daughter products in equilibrium, 
it is necessary that the air, radon, and 
inert dust which serve as nuclei for 
adsorption of the radon daughters coexist 
for the period during which equilibrium 
is being attained. Under many industrial 
conditions this equilibrium not 
achieved, and it is therefore probable that 
concentrations of radon far higher than 
the maximum permissible dose of 10 
c/ec. can be safely inhaled under many 
conditions. 

Insoluble Alpha Dust Inhalation.—The 
potential risk from inhalation of insoluble 
alpha-emitting dusts is that retention of 
the dust within the lung may produce 
lung cancer over a long period of time. 
The of exposure which are apt 
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to be encountered under this category 
of hazard are far greater in comparison 
with the maximum permissible dose than 
the other exposures encountered in the 
processing of uranium. In the crushing 
of ores and in the dry handling of the 
oxides and fluorides, it is possible to ex- 
ceed the maximum permissible dose sev- 
eral hundredfold. Techniques of process 
ventilation that have been developed over 
the years to control the hazards from 
metals, such as lead and arsenic, are sat- 
isfactory for uranium. 

In the machining of metallic uranium, 
the pyrophoric properties of this metal 
must be recognized. Chips of uranium 
frequently ignite at the cutting point, and 
their burning produces a dense uranium 
oxide fume. When uranium is hot-rolled 
into strips or plates, the surfaces tend 
to oxidize rapidly, and the scale thus 
produced gives rise to dust. 

Inhalation of Soluble Uranium Com- 
pounds.—When soluble uranium compounds 
are inhaled, the radiological risk is neg- 
ligible, but does become concerned 
with the possible toxic effects on the kid- 
neys. Consequently, the maximum per- 
missible concentration for exposure to 
soluble uranium 


one 


chemical 
toxicity rather than radiological hazard. 


is based on 
Uranium occurs in soluble form as 
UOsFs, derived from UF, which hydro- 
lyzes upon contact with the air. UF, is 
very corrosive, and leaks from valves and 
flanges are apt to occur if the plant main- 
tenance is not of a high quality. 


Studies of Industrial Workers Exposed 
to Uranium 


Many hundreds of employees of the 
companies processing uranium have been 
exposed to the dusts and fumes of this 
metal. When the plants first undertook 
this process, the hazards were not well 
understood, and in many places the 
workers were exposed to concentrations 
of dust and fume which exceeded the 
levels now recommended by the National 


Radiation Protection as 


the maximum permissible concentration. 


Committee on 


Studies of these workers in relation to 
their exposures to uranium have provided 
useful information concerning the stor- 
age, ‘excretion, and effects of uranium 
in humans. 

Observations Concerning Storage and 
Excretion of Uranium.—(a) Lung Reten- 
tion of Insoluble Dust:* In the United 
States the maximum permissible concen- 
tration for eight hours’ exposure to in- 
soluble uranium dust in air is 5.1X10™ye 
per milliliter.* This value was obtained 
from experiments with dogs,* which in- 
dicate that lungs of animals exposed to 
this concentration for eight hours per 
day will, at equilibrium, contain 14 ppm 
of uranium. This concentration 
will deliver 300 mrem per week to the 
lung, assuming an RBE of 20. 


tissue 


TaBLe 2.—Uranium Conte 


Months Average 

Cuse No Exposed, No. Exposure, y/M°. 
1. 24 17,000 
2 12 5,000 


We have had an opportunity to analyze 


the tissues of two men who died of non- 
occupational causes after being exposed for 
a long time to high concentrations of dust 
of UF 4 and UOs. The data relative to the 
autopsy findings and exposure history are 
contained in Table 2, where it will be seen 
that the measured lung concentrations are 
exceedingly small compared with the con- 
centrations which were predicted from the 
dog experiments which serve as the basis 
for equating the 
air to 14 ppm in lung. 


above concentration in 
It is not possible to reconcile these difier- 
However, one notes that the animal 
results are being applied directly to man 


ences. 


* Dust concentrations in this 
times expressed as microcuries 
sometimes as milligrams (or micrograms) per 
cubic meter; 5.1X%10-" yc per milliliter is 
roughly equivalent to 50y per cubic meter. 


report are some- 
per milliliter and 
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without any knowledge as to the com- 
parative relationship of deposition and 
clearance rates in the two species. Also, the 
assumption that an atmospheric concentra- 
tion of 5.1 * 107! we per milliliter is equi- 
valent under equilibrium conditions to a 
tissue concentration of 14 ppm is based on 
extrapolation of data actually obtained at 
very much higher concentrations. It is, of 
course, possible that our estimate of the 
average exposure of the two men is in error, 
but this is not likely to account for a factor 
of more than 2 or 3. 

There is an obvious need for more data 
of this type. 

(b) Storage in Bone: Five determina- 
tions of the uranium content of bone have 
been made in workers who had been ex- 
posed to relatively high concentrations 
of dust. Four of the specimens were from 


autopsy of men who died of natural 


nts of Lungs of Two Workers 


Uranium Content of Lung 


Months Between 
Last. Exposure 


and Death, No Measured Predicted 
10 0.35 600 
13 0.23 


causes. The fifth specimen became avail- 
able during a surgical procedure. Ex- 
posures are given as micrograms of ura- 
nium per cubic meter of air for a given 
number of days, and the bone data are 
given as micrograms of uranium per gram 
of ash. The data are given in Table 3. 

An estimate of each man’s skeletal 
uranium burden was made, assuming ex- 
ponential build-up and diminution func- 
tions. It was assumed that the biological 
half-life was 450 days. It will be noted 
that this is consistent with data to be 
presented later in this report. Because 
the constant of proportionality could not 
be determined in the assumed exponential 
relationship between exposure and 
skeletal burden, the calculated estimates 
vield units which are only in propor- 
tional relation to the actual concentration. 
For this reason the predicted bone con- 
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4 
log 
at 
Tissue at Time of Death, 7/Gm. 
a 


A. 


TaBLe 3.—Summary of Exposure of Five Men and 
the Uranium Content of Their Bone 


Uranium 
in Bone, 
7/Gm. 


Level, 

Period No. 
I 18,750 
II 8,200 
Ill 7 18,750 
IV 5 350 


1000 
150 


centration, in arbitrary units. and the 


observed values have been normalized 
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in the following way. The subjects were 
arrayed according to predicted bone con- 
centration in arbitrary units. It was 
found that they were then also arrayed 
according to observed bone concentration. 
The lowest value of each variable’ was 
given the value one, and the other values 
are represented as multiples of it. The 
Table 4 and 
are presented graphically in Figure 1. 


results are summarized in 


TasLe 4.—Comparison of Observed and Predicted 


Bone Concentration 


Uranium 
in Bone 
(Predicted ), 
Relative 
31.7 


Uranium in Bone (Measured), 
7/Gm. Ash Relative 
34.0 
33.0 
9.8 
4.0 
1.0 


(Arbitrary Units) 


OBSERVED BONE CONTENT 


10 


20 30 


PREDICTED BONE CONTENT (Arbitrary Units) 


Fig. 1.—Predicted vs. observed uranium in bone. 


Days 
Case 
No. 
1. 
16.7 
I 90 
II 1200 | 
Ill 60 0 
0.5 
I 730 17,000 
II 304 0 
17.0 
I 6l 4500 
a5 
Ill 228 4500 
IV 578 850 
152 0 
VI 1399 SAO = = 
4.9 
I 365 5000 
Il 548 0 
2.0 Case 
No. 
2. 22.6 
| 30 
10 
16 


The linearity in the relationship of the 
predicted to the observed values is strik- 
ing. 

(c) 


Urinary 


Relationship of Exposure to 

Excretion: It is a_ relatively 
simple matter to estimate an employee’s 
exposure to external radiation with the 
use of either a film badge or a pocket 
dosimeter. Unfortunately there are no 
comparable devices with which one can 
integrate exposure to radioactive dust. 
This is an old problem in industrial hy- 
giene, which has been partially solved by 
the development of air sampling tech- 
niques with which one can approximate 
the average exposure of a group of 
workers performing the same repetitive 
operation. 

It is generally assumed that the urinary 
excretion of a substance is potentially 
the most satisfactory method of esti- 
mating the dust exposure of a worker. 
Efforts to calibrate this relationship for 
uranium have encountered the same diffi- 
culties which are well known to investi- 
gators who have attempted to establish 
similar relationships the heavy 
Because of differences in work- 
ing habits it is virtually impossible to 
estimate the dust exposure of an indi- 
vidual employee with any degree of 
accuracy. Moreover, for any given ex- 
posure there are apt to be individual dif- 
ferences in both absorption and excretion. 
For example, a mouth breather under 
some conditions may absorb far more 
than a worker breathing through his 


nose.® 


for 
metals.® 


Although it does not appear practicable 
to use the urinary excretion of an indi- 
vidual as a measure of his exposure, it 
is quite feasible to estimate the exposure 
of a group in this way. The average re- 
sults of urine analysis from many indi- 
viduals tend to mask the effect of 
differences. In Table 5 are 
summarized the average exposure and the 


individual 


uranium excretion for 


seven 
groups of employees exposed to uranium 


urinary 
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TABLE 5. 


Urinary Uranium Excretion of 
Industrial Workers 


Average Exposure, 


Multiples of Urinary Excretion, 


No. 5.1X 10-12 >7/M 
of Men ueM1. Low High Avg. 
24 0.23 0.008 0.058 0.025 
4 0.80 0.017 0.118 0.060 
38 0.88 0.005 0.088 0.028 
19 1.05 0.003 0.119 0.050 
30 14 0.008 0.143 0.054 
5 1,7 0.054 0.084 0.065 
22 4. 0.032 0.389 0.100 


It will be noted that there 
is a coarse relationship between the sever- 


oxide dust. 


ity of exposure and the rate of urinary 
excretion, and, the those 
having severer exposures excrete higher 
concentrations of uranium. However, it 
will also be noted that because of the 
wide range in the reported values for 
any one group it is not practicable to 


on average, 


assign a level of exposure on the basis 
of any individual’s urine sample. A gen- 
eral conclusion which may be drawn 
from these and other data is that a group 
of individuals exposed to the maximum 
permissible of uranium 
This 
figure which is based on human expe- 


concentration 
will excrete about 50y per liter. 


rience is in excellent agreement with the 
prediction of Neuman? based on animal 
data. 

(d) Excretion Following Massive Acci- 
dental Exposure: An employee who was 
working with powdered uranium metal 
was exposed to massive amounts of ura- 
nium oxide fume when the powder sud- 
denly exploded. Figures 2 and 3 are 
plots of the daily urinary excretion of 
uranium for 70 days after the accident. 
During this period the subject was hos- 
pitalized because of extensive thermal 
burns, and it was then possible to collect 
all the urine voided. The curves give 
uranium excretion in micrograms per liter 
and micrograms per day. One notes that 
the plot of uranium concentration con- 
sists of three distinct exponential com- 
ponents, each representing elimination 
from distinct storage reservoir. 

Of particular significance is the rapid 
elimination during the first few days. The 


17 


Ge 
tea 
ie 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


> 
= 
a 
= 
a 
< 
= 
C 
= 
a 


12 ok 


36 48 60 


DAYS AFTER EXPOSURE 


Fig. 2.—Daily excretion of uranium by a person subjected to a single massive exposure. 


uranium oxide fume 
which, on the basis of measurements 
under simulated conditions, is estimated 
to be completely less than 0.5, in 
diameter. 


exposure was to 
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(e) Excretion of Uranium after Cessa- 
tion of Long-Term Exposure: A person 
who resigned after several years’ em- 
ployment in one of the uranium plants 
submitted a urine sample at approxi- 
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DAYS AFTER EXPOSURE 


Fig. 3—Concentration of uranium in urine of a person subjected to a single massive ex- 


posure. 


mately weekly intervals over a period of 
about 900 days after leaving his uranium 
exposure. 

The diminution in uranium excretion 
during this period of time is shown in 


Figure 4, where it will be noted that the 
rate of change of the excretion rate is 
almost unchanged after about one year. 
During the latter two years of this study 
the urinary concentration of uranium was 
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DAYS AFTER TERMINATION OF EXPOSURE 


Fig. 4+—Urinary uranium excretion following prolonged industrial exposure. 


diminishing at the rate of about 50% in 
450 days. The scatter about the least 
squares fit of the data may be due less 
to biological factors than to the lack of 
precision in the methods of uranium 
then in use. The standard error 
of a determination at 10y per liter was 
+10y during the period when this study 
was under way. With fluorimeters of 
more modern design, this has been re- 
duced to +ly. 


assay 


The more rapid elimination of uranium 
during the first weeks following cessation 
of exposure appears to be due to clear- 
ance of uranium from the soft tissues of 
the body. This is the period covered 
under Section d above. This clearance is 
apparently completed after about 150 
days, following which the large reservoir 
of uranium which has been deposited 
in the skeleton is then eliminated at a 
relatively slow rate. As noted, the half- 
life of uranium from bone appears from 
these data to be approximately 450 days. 

Evidence of Kidney Injury.—The maxi- 
mum permissible dose for soluble ura- 
nium compounds was determined by their 
toxic effects on the kidney of experimen- 
tal animals.* In the United States the 
only exposures to soluble uranium are 
in processes involving UFs. This sub- 
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stance is gaseous at room temperature, 
but upon release to the atmosphere it 
hydrolyzes, uranyl 
(UOsFe2), a soluble fume. 


forming fluoride 


The early history of UF¢ production 
involved frequent overexposures, owing 
to leaks that occurred because of the cor- 
rosive properties of the UF and _ the 
free fluorine often associated with it. 

(a) Single Massive Exposure: An inci- 
dent occurred at one plant in which five 
employees received a short massive ex- 
posure of uranium hexafluoride. These 
men all had recent complete physical ex- 
aminations, with 
examinations, and 


repeated laboratory 
were considered 


tirely normal in every way. 


en- 


The exposure resulted from approxi- 
mately 28 Ib. of hot UF, which was re- 
leased in the immediate vicinity of the 


two minutes. 
Table 6 summarizes the urinary findings 


men within a matter of 
in the days following exposure. Three 
of the five excreted over 1 mg. per liter 
on the first day of the accident. Ab- 
normal findings persisted for a few days, 
but in all cases the urinary findings re- 
turned to normal, indicating only minimal 
effects on the kidney despite the relatively 
high exposures encountered. 


4.0)". 
| | | | | | | 
| | | 
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TaBLe 6.—Urinary Findings in Five Workers 
Exposed to UF, 


Urinary Uranium 
Concentration, 


Subject: Day Mg./L. Albumin R. B.C. Casts 
1 1 2.60 0 0-2 Rare 
2 0.60 0 Oce. 0 
3 0.67 0 0-2 0 
2 ! 2.10 0 0 0 
2 0.05 0 (+2 0 
3 O11 0 0 0 
3 1 1.30 0 Oce. 0 
2 0.06 0 0-2 0 
3 0.07 0 Occ. Rare 
1 0.28 0 Occ. 0 
2 0.01 0 Oce. 0 
5 1 0.110 0 0 
2 0.028 0 0 0 


(b) Chronic Exposure to Soluble Ura- 
nium: In 1950 seven cases of nephrosis due 
to chemical toxicity of soluble uranium 
were diagnosed in a plant employing 
approximately 130. This plant had been 
in operation since 1942 but had a high 
turnover among the employees because 
of induction into the Armed Forces and 
transfer to other employment. Prior to 
1950, although a medical program was in 
existence, no cases of renal injury had 
been encountered. 

The seven cases considered here all 
had preemployment physical examina- 
tions and repeated laboratory examina- 
tions from the time of their employment. 
With one exception, the individuals in 
the group had been employed for periods 
ranging from several months to just over 
two years. In each case abnormal urinary 
findings, consisting of red blood cells. 
fine and coarsely granular casts, and 
albumin, were the only findings en- 
countered; all were asymptomatic. All 
the men were given complete physical 
examinations, including careful histories, 
in an attempt to rule out other possible 
causes of their abnormal findings. Ura- 
nium determinations made urinary 
samples showed the presence of as much 
as 3.46 mg/l. Each of the workers was 
then hospitalized in a university hospital 
for a careful evaluation of his renal 
status. Examinations included cystos- 


copies, retrograde pyelograms, intra- 


venous pyelograms, and renal function 
tests. These tests indicated no diminu- 
tion in renal function, and because of 
the absence of other discernible causes 
for the abnormal urinary findings and 
the fact that these men had been ex- 
posed to soluble uranium which is a 
known renal irritant, a diagnosis of 
nephrosis due to exposure was made. 
The patients were removed from further 
contact with uranium when the abnor- 
malities were first encountered, and in all 
cases in which follow-up was _ possible, 
urinary findings returned to normal 
within a matter of months. 

The exposure of the men in this plant 
was severe, as indicated by the summary 
of exposures in Table 7. 


TABLE 7.—Exposure to Soluble Uranium Compounds 


Year 
Exposure, 
"48 49 "51 "52 
0O—0.1_. 9 13 38 33 55 
0.1—0.5 13 14 62 55 48 
0.5—2.5 44 31 30 22 
34 61 32 


Exposure to Insoluble Dust.—A large 
number of industrial workers who were 
exposed for many years to high concen- 
trations of insoluble dust have been under 
careful medical surveillance, but all find- 
ings to date have been negative. In- 
cluded in this group are approximately 
100 men who were exposed for about 
five years to from 0.5 to 2.5 mg. of ura- 
nium per cubic meter. It is estimated that 
50 men were exposed during this period 
to from 2.5 to 10 mg. per cubic meter. 
There has been no evidence of renal 
injury among these workers, nor have 
any lung pathology or blood changes 
been observed. 

Although it is possible that insufficient 
time has elapsed to obtain observable 
lung pathology, this should be weighed 
against the fact that the exposures of 
these men began about 13 years ago. It 
is of particular interest that the two lung 
studies referred to earlier in this report 
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were from this group of men. It will be 
recalled that the observed lung concen- 
tration of uranium was very much lower 
than would be expected in view of the 
heavy exposures sustained. 


Summary 


There has been sufficient experience 
with severe exposures to both soluble 
and insoluble compounds of uranium to 
permit the conclusion that uranium has 
a low order of chemical toxicity in man. 
Many of the nonradioactive heavy metals, 
such as lead, arsenic, and mercury, would 
produce very severe, perhaps fatal, in- 
jury in the levels of exposures reported 
here. 

The negative findings relative to renal 
injury among workers exposed to insol- 
uble compounds are particularly signifi- 
cant in view of the high levels of ex- 
posure reported. Although some injury 
has been noted among workers exposed 
to soluble compounds, the injury has 
been minimal and disappeared completely 
when the exposures were reduced. 

The relatively low concentrations of 
uranium in the lungs of the two workers 
autopsied suggest that the safety factor 
in the maximum permissible dose for in- 
soluble compounds is unnecessarily con- 
servative. However, more data of the 
type presented are needed before any 


upward revision of the maximum per- 
missible concentrations could be per- 


mitted on this basis alone. 
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Energy Y industry 


ARTHUR E. GORMAN, Washington, D. C. 


Every new industry has a deep-seated 
responsibility to appraise as accurately 
as possible the impact of its operations 
on community living and the natural re- 
sources of the nations which it serves. 
Such major components of an industry 
as its sources of raw materials, its pro- 
duction plants, its research and develop- 
ment laboratories, and its channels of 
transport and distribution have a wide 
variety of direct and indirect contacts 
with people and the communities in 
which they live. A new industry moving 
into an established community has, as a 
new neighbor, a special responsibility to 
respect the vested rights of people and 
other industries already there. Even 
though this industry may enter an iso- 
lated unpopulated area, it still has an 
obligation to assess its impact on the 
natural resources of the region and the 
long-term effect of its operations on 
future possible communities. It is axio- 
matic that people follow industry. Con- 
ceivably through the use of atomic energy 
in the future, an virgin area 
today may be the site of a city or a 
vast industrial complex. 

The purpose of this paper is to discuss 
certain environmental aspects of the fast- 
growing atomic energy industry in the 
United States. Experiences of this in- 
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ecls 


of the 


dustry over the past decade will be dis- 
cussed in the light of the history of other 
major industries of this nation over a 
long time. 

In general, the environmental problems 
which a new industry encounters are in- 
versely proportional to the advance 
planning for the industry and more or 
less proportional to the volume and ob- 
jectionable or hazardous properties of its 
products and its wastes. Such problems 
may develop as a result of day-to-day 
operations or from an unforseen incident 
or accident. Both situations must be 
reckoned with, and each is capable of 
reasonably intelligent evaluation. 

In the atomic energy industry the 
obligation to its environmental 
impact is all the more profound because 
of (1) the unique characteristics of its 
products and wastes, especially those of 
long-lived radioisotopes; (2) the relatively 
limited knowledge as to the effect of 
cumulative radiation on living organisms ; 
(3) the continuing changes in nuclear 
technology; (4) the relatively large vol- 
umes of water used for heat exchange and 
other purposes; (5) the trend of the 
industry to expand into more populous 
areas, and (6) the current lack of knowl- 
edge (due largely to security controls) 
concerning the products and operational 
hazards of the industry by regulatory 
public agencies normally responsible for 
public health, safety, and the protection 
of national resources. 


assess 


Experience of Other Industries 

As this new industry goes forward in 
all parts of the world—and perhaps in 
areas where no other industrial plant 


23 


A. 


has ever been located—its environmental 
aspects should be discussed with candor 
and be evaluated with thoroughness. 
This conclusion is supported by the ex- 
periences of other industries, such as 
textiles and tanning, brewing and dis- 
tilling, lumber and coal, paper and pulp, 
by-product coke and chemicals, packing 
and food products, metals and metal fab- 
rication, smeltering and refining, syn- 
thetic fibers, pharmaceuticals, plastics, 
and explosives. In its operations and 
growth each had its special impact on the 
environment, on public services, and on 
natural resources. In order to comply 
with reasonable environmental standards, 
management of these industries has ex- 
perienced a long and costly series of 
difficulties in correcting objectionable 
features of plant location and operation 
and in treatment and disposal of wastes. 

These industries, in their earlier oper- 
ations, met with objections by the public 
on various scores, including (1) lowering 
of ground water; (2) drain on limited 
surface water resources; (3) contamina- 
tion of the atmosphere; (4) destruction 
of crops and vegetation; (5) pollution of 
ground and surface water resources; (6) 
contamination of public bathing and 
(7) damage to public 
and sewage treatment plants; 
(8) destruction of shellfish areas, and 
(9) emission of objectionable odors and 
noises. Not infrequently these objection- 
able environmental 


recreational areas; 
sewers 


deficiences resulted 
in costly litigation and, in some instances. 
in the passage of drastic legislation for 
regulation and control which unduly 
the industry. In recent 
decades industry and government with 
commendable courage and foresight have 
worked together to resolve and to pre- 
vent these 


handicapped 


environmental problems. 


Through cooperative research participa- 


ted in by industry, governmental agen- 
cies, and universities, various environ- 
mental problems, such as those listed 
above. have been and are being resolved 
at an encouraging rate. 
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Evaluating Environmental Problems In 
the Atomic Energy Industry 


The United States Atomic Energy 
Commission has sought to benefit by the 
experience of other industries in evaluat- 
ing the environmental problems created 
by operations of plants under its juris- 
diction. It has followed the pattern of 
these industries in its environmental and 
public safety research programs. The 
tempo of research, however, has been 
much more rapid. It has enlisted the 
cooperation! of specialists in other in- 
dustries, other governmental agencies. 
and universities and professional experts 
in private practice. 

A start was made by studying the 
effect on the environment of operations 
at the plants constructed hurriedly and 
at isolated places during the war years. 
Special emphasis was given to (1) the 
effect of using large volumes of water 
from ground-water sources and (2) re- 
lease of radioactive and toxic wastes to 
the ground, to surface waterways. and to 
the atmosphere. In addition, tests were 
made to determine 
treatment 


the effectiveness of 
and processes in- 
stalled to remove radioactive and 
substances 


facilities 
toxic 
from waste streams of all 
kinds—-gaseous, liquid, and solid. 

Uses of Specialists —Experience has re- 
vealed that a proper appraisal of environ- 
mental problems of the atomic energy 
industry requires competence and expe- 
rience of a high order and by a wide 
variety of specialists. They include such 
professionals as nuclear, health, and bio- 
physicists; physical and nuclear chem- 
ists; structural and ground-water geol- 
ogists; nuclear, chemical, sanitary, and 
safety engineers; industrial hygienists; 
biologists; meteorologists; hydrologists ; 


mineralogists; public planners, and 


others. 

Problems Evaluated.—Teams of special- 
ists have and still are reviewing and ad- 
vising in such matters as (1) site selec- 


tion for plants; (2) the availability of 


ATOMIC ENERGY INDUSTRY- 
water for process and domestic uses; 
(3) the relationship of various units in 
(4) the 
type and capacity of safety and waste 
treatment (5) the degree of 
waste treatment required; (6) points of 
discharge of effluents; (7) the 
natural dilution factors in nature which 


a plant complex to one another; 
facilities 
waste 


may be taken advantage of in disposal 
of wastes; (8) the selection of significant 
monitoring points for checking the re- 
sults of operations; (9) the ultimate fate 
of wastes from day-to-day operations or, 
in case of an accident, loss of product 
and wastes to the environment, and 
(10) the effect of releases of this kind 
on the public health or natural resources. 

Need of Training—A difficulty 
countered in enlisting the services of ex- 
perienced professionals is that many are 
not too familiar with the technology, 
the the standards of the 
nuclear energy industry. This is, how- 
ever, but another of the challenges the 
industry must face. It is one which can 


en- 


terms, and 


be met with confidence of success under 
an aggressive educational and training 
program. The environmental problems 
which lie ahead in the development of 
the atomic energy industry can best be 
resolved when it becomes more fully 
integrated into the community and indus- 
trial structure of the nation. Policies 
and programs are bringing this about in 
a rational and effective manner. 


Importance of Site Selection 


Much study of environmental factors 
should be conducted in advance of se- 
lection of a satisfactory site for an atomic 
energy plant. Advance study of the geol- 
ogical, meteorological, and hydrological 
aspects of a plant site could result in 
substantial savings in the layout, design, 
and operations of such important units 
as nuclear reactors, chemical processing, 
gaseous diffusion, and fuel fabrication 
plants and research laboratories. In the 
construction and installation of facilities 


ENVIRONMENTAL 


ASPECTS 


in these plants much care must be exer- 
cised in preventing dusts from contam- 
inating piping for process gases, ducts 
for ventilation, and sensitive equipment 
and These 


instruments. precautions 


transcend those of most other industries. 
Where water in large volumes or of 
special quality is required, sources of 
supply should be carefully investigated 
as to (1) adequacy and continuity of 
supply ; (2) the possibility of interference 
with the supply of other consumers, 
those having prior vested 
rights, and (3) the physical and chemical 
characteristics of the water. 


especially 


Usually, but not always, it is the large 
plants which present the more serious 
environmental hazards. Of special impor- 
tance in the case of nuclear reactors or 
chemical processing plants is advance 
knowledge as to the kind, volume, and 
levels of radioactivity to be handled and 
the availability of suitable places and con- 
This 


is not to say that selection of sites for 


ditions for release of waste effluents. 


such other units as research laboratories, 
feed material processing and fabrication 
plants, and special test and storage facil- 
ities are not also important. 

Generally the problems presented are 
a function of (1) the curies of radio- 
activity involved, (2) the length of time 
the plant has been in operation, (3) the 
adequacy of safety and waste treatment 
facilities provided, and (4) the proximity 
of the plant to populated areas and sen- 
sitive industries. Rarely are the environ- 
mental considerations of one site the same 
as those of another. Each must be studied 
with respect to its own local conditions. 

Plant Enlargements.—In site selection 
serious consideration should be given to 
the possibility or probability that a plant 
as originally built may be enlarged or 
its functional processes changed with 
resultant greater hazard. When a plant 
or site planned for one purpose is put 
to a new use, it is important that such 


basic services as utilities. waste disposal 
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systems, and points of release of waste 
effluents be restudied to ascertain their 
adequacy for the newer use. Such modi- 
fication should be discussed with those 
public officials who are responsible for 
public health and safety in the area. If 
the original plant was served by public 
utilities, such as water, power, sewer, 
and other drainage facilities, this obliga- 
tion is the more pressing. 


Disposal of Wastes 

High-Level Radioactive Wastes.—High- 
level wastes may contain as much as 10? 
c. per liter. Their principal source under 
normal operations is in the processing 
of irradiated fuel elements. The cost of 
treatment and disposal of these wastes is 
high. Costs have been omitted purposely 
in this paper because they are dealt with 
in other papers of this series. 

If nuclear power is to compete favor- 
ably with other fuels, costs of waste dis- 
posal must be reduced. Cutting of costs 
must be done intelligently, for otherwise 
zt might involve risks which coul« pre- 
vent environmental hazards and reflect 
unfavorably on the industry. 

Disposal policies are especially impor- 
tant in the case of high-level radioactive 
wastes which contain long-lived and biol- 
ogically significant fission products,” 
such as Sr® and Cs?*7, and others of 
shorter half-life, such as Ce 44, Ru 19, and 
certain isotopes of rare earths which may 
be difficult to control when released to 
soils. 


As the industry grows, should disposal 
of high-level long-lived radioactive 
wastes by environmental dilution con- 
tinue to be considered, the amounts of 
dilution required to meet permissible con- 
centrations in air and water for contin- 
uous exposure of humans could be fab- 
ulous. W. Kenneth Davis,* Director of 
the Atomic Energy Commission Reactor 
Development Division, in a paper before 
the American Power Conferences in 
Chicago in April, 1955, estimated that 
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the capability of nuclear power in service 
in the United States would be as follows: 
By the end of Million Kw. 


1960 2.0 
1965 5.0 
1970 27.0 
1975 83.0 
1980 175.0 


This power would, of course, be the 
output of our many reactors, probably 
widely distributed. The estimated rapid 
rate of increase, however, is striking and 
serves to give some indication of the 
importance of resolving the problem of 
disposal of radioactive wastes which are 
long-lived and hazardous. In the fission- 
ing of 1 gm. of uranium, 1 megawatt-day 
of nuclear heat energy is released, and 
about 1 gm. of fission products is formed. 
One year after removal from the reactor, 
assuming continuous uniform operation, 
1 gm. of fission products would have a 
heat-power level of about 1 watt, or 
the equivalent of 500 c. of radioactivity. 

My associate, Joseph A. Lieberman, in 
a recent paper* before 4ffe American 
Society of Civil Engineers, has calculated 
that for the above 1980 rate capability 
the fission product production for one 
year would require in the order of 
1.85X10'* gal. of water to dilute Sr” 
(yield, 5.3%) to safe lifetime drinking 
water levels. This is approximately 
equivalent to the average annual flow 
of the Mississippi River prior to flood 
diversion 100 miles above its mouth for 
a period of 12,600 years. 

Fixation on Soils.—Fortunately certain 
soils * and the suspended and bed load- 
ings of most waterways have properties 
of absorption or adsorption of radioac- 
tivity. Nature provides some potential- 
ities for resolving environmental prob- 
lems. These are being studied in order 
that they may be taken advantage of in 
reducing the cost of disposal of wastes 
from chemical processing of spent fuels 


* Lieberman, J. A.: Handling and Disposal of 
Radioactive Wastes, presented before Metropolitan 
Section, American Society of Civil Engineers, 
April 29, 1955. 


and from other sources. The exchange 
capacities of soils for radioisotopes can, 
however, be seriously affected by other 
nonradioactive ions in wastes. This 
complex should be fully evaluated in 
deciding on the degree of pretreatment 
which is required before wastes are dis- 
posed to the ground. The heat in high- 
level waste resulting from gamma radia- 
tion introduces an important problem in 
the disposal of these wastes. 

Research in ground disposal is under 
active investigation at the Oak Ridge 
National Laboratory as an important 
environmental problem associated with 
the development of future reactors for 
power production. Under contracts with 
the Atomic Energy Commission, the staff 
of the Sanitary Engineering Department 
of the Johns Hopkins University and the 
Geological Survey are giving consider- 
ation to the feasibility of disposal of these 
wastes to deep wells or to deep cavities 
existing naturally or made by dissolving 
salts from deep dry deposits. The Earth 
Science Division of the National Re- 
search Council is also cooperating in this 
program. 

The of environmental 
protection could be met by fixing radio- 
activity in clays or other suitable mater- 
ial and then raising the temperature 
sufficiently to form a solid mass from 
which the wastes could not be elutriated 
or leached. Such a mass could then be 
buried in tight soils designated by a 
geologist as suitable for waste storage. 
Research to determine feasibility and cost 
of such a method is under way at the 


requirements 


Brookhaven,®> Oak Ridge, and Los 
Alamos National Laboratories. 
Separation of Significant Isotopes.— 


Another possibility of lessening the en- 
vironmental hazards associated with the 
disposal of high-level radioactive wastes 
is to remove the long-lived and biolog- 
ically significant isotopes from the wastes 
prior to disposal. If this were done, dis- 
posal to the ground in selected areas 


ATOMIC ENERGY INDUSTRY—ENVIRONMENTAL ASPECTS 


could be carried out with greatly reduced 
environmental hazards. The significance 
of this consideration may be seen from 
the fact that in Handbook 52 of the National 
Bureau of Standards* the maximum per- 
missible limits for exposure of people to 
Sr is about a factor of 10% more con- 
servative than for most of the radioisotopes, 
Admittedly this procedure would be costly, 
but the possibility of selling such isotopes as 
Sr®, Cs!87, Rul’, and others as radioactive 
sources may offset some of this cost. After 
these sources have served their purpose, 
they still must be disposed of under safe 
conditions in order to prevent environmental 
problems. 

Land Burial.—Burial is an economically 
attractive method of disposal of solid 
wastes but it may present serious en- 
vironmental problems. 

The selection of burial grounds should 
be made in cooperation with an expe- 
rienced Designated burial 
grounds should be fenced and be well 
identified. Access to them by unauthor- 
ized persons should be prohibited. Pro- 
vision should be made also to prevent 


geologist. 


access by animals. A continuing inven- 
tory of buried wastes should be main- 
tained, and test holes for monitoring the 
movement of wastes away from the site 
should be provided. Burial grounds 
should be a minimum in number, as they 
are dedicated areas so contaminated as 
to preempt for all practical purposes use 
of the land for other services for very 
long periods of time. 

Underground Tank Storage.—Under- 
ground storage without fixation of the 
hazardous long-lived radioisotopes could 
have long-term implications affecting the 
welfare of future generations. Waste 
burial grounds and underground tanks 
should be located so that in case of leak- 
age pollution of ground water may be 
minimized. Preferably they should be 
set well above the water table and in tight 
soils from which movement of any leak- 
age would be slow. Provision should al- 
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ways be made for periodic monitoring in 
the vicinity of these storage areas to de- 
tect any leaks. 

Storage of high-level radioactive wastes 
in underground tanks as currently prac- 
ticed has the advantage of confinement, 
thus providing time for decay of radio- 
activity. Provision to remove heat 
tanks when required is costly. 


from 
Tank 
storage is not an ultimate solution of the 
waste-disposal problem. The wastes may 
be radioactive for hundreds of years, 
whereas the tanks in which they are 
stored may be expected to corrode and 
leak in 50 to 75 years or sooner. Ob- 
viously, therefore, this method of handl- 
ing still involves a serious potential en- 
vironmental problem. 

Low-Level Wastes.—The release of low- 
level radioactive wastes from the atomic 
energy industry 
mental problems. 
whose activity is 


also presents environ- 
These wastes are those 
10% or 104 in excess 
of permissible long-term limits of ex- 
posure for humans. Because the quanti- 
ties involved are very large, where con- 
ditions are favorable for dilution in the 
atmosphere, in surface waterways, or to 
the ground, such disposal is economically 
attractive and has possibilities. It is 
being practiced in the United States. 
especially in certain remote areas. There 
are many places even near populated 
areas where conditions are favorable for 
disposal by dilution in nature, and they 
should be taken into consideration in se- 
lecting a plant site. In appraising these 
possibilities the advice of experienced 
meteorologists, geologists, and 
ogists should be sought. 
Extensive research in determining the 
significant parameters in making such 
appraisals is being carried out under 
Atomic Energy Commission contracts 
with the Weather Bureau, the Geological 
Survey, and several large universities. 
In addition, staff of the Atomic Energy 
Commission and its operating contractors 
at the Hanford Works in Washington, 
the Knolls Atomic Power Laboratory 


hydrol- 
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National Reactor 


Testing Station in Idaho, and the Brook- 


near Schenectady, the 
haven, Argonne. and Oak Ridge National 
Laboratories are conducting similar re 
search. 

Ocean Disposal of Wastes.—There are 
some who consider the ocean as a satis 
factory place for disposal of radioactive 
wastes of all kinds. To a limited degree 
this practice has been followed at cer- 
tain plants and laboratories on or near 
the Atlantic and Pacific the 
United States. Usually these wastes are 


Coasts in 


enmeshed in a mixture of concrete within 
steel drums or wooden forms. Consider- 
ing the pressures they are subjected to 
and the probable impact on the ocean 
is doubtful whether these con- 
tainers hold the waste very long after 
dumping at sea. The are of a 
variety of types, some of which are high 
in activity. The volumes and curies in 
these wastes are small compared with 
the total volume and activity in high- 
level wastes in storage. 
waters between 500 and 1000 fathoms in 
depth. Sea disposal of wastes is costly 
for plants which are not near the sea- 
coast. A study of the cost of sea disposal 
of low- and 


floor, it 


wastes 


Disposal is in 


intermediate-level wastes 
from atomic energy installations, con- 
ducted by staff of the Johns Hopkins 
University in 1953 and 1954, indicates a 
range of from $0.30 per pound in the 
New York area and from $0.80 to $1.00 
per pound in the San Francisco area. 
The difference is reflected by the volumes 
of waste disposed of in the respective 
areas. 

Some consideration has been given to 
the feasibility of disposal into the oceans 
of large quantities of high-level wastes 
from chemical processing plants. In the 
summer of 1954 a seminar was held at 
which experienced oceanographers dis- 
cussed the problems presented. Sufficient 
concern was expressed over this method 
of disposal because of important environ- 
mental to call for much field 
study before it should be approved as 


risks as 


lal; 
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standard practice for the industry. 

Disposal in Remote Areas.—It is reason- 
able to assume that within the next 
decade atomic energy plants may be built 
in remote places throughout the world 
where the need of power for special 
purposes is so important that the factor 
of cost may not be too significant. Here 
again the industry has a real obligation 
to maintain high standards of safety and 
environmental sanitation. Even though 
initially exposure of people and property 
in these remote areas may be slight, a 
reckless or capricious attitude in disposal 
of long-lived wastes should not be per- 
mitted. With the advancement in travel 
and transport to these areas and perhaps 
unpredictable uses of their natural re- 
sources, a careless practice in this gener- 
ation in the interest of low costs could 
preempt or penalize the use of these re- 
sources by future generations. History 
is replete with examples of the penalties 
which subsequent generations have paid 
for the reckless, uncontrolled actions of 
their forefathers. 


Other Environmental Problems 


Spills of Wastes.—Should a serious spill 
occur from an atomic energy installation, 
there is an obligation to notify promptly 
public officials who may be concerned. 
In anticipation of such an incident it 
would be prudent to develop a system of 
notification of public officials so that they 
in turn may give adequate warnings to 
others who may be affected. Through 
cooperation of this kind the effect of a 
serious incident may be lessened to such 
a degree as to prevent damage to others 
downstream. Serious spills of toxic 
wastes and product to sewers or streams 
have occurred in a number of industries. 
Through prompt notification under a 
planned arrangement, a situation which 
might otherwise have caused serious dam- 
age to property or a threat to the public 
health was avoided. 
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Transport of Radioactive Material.— 
From mining the raw ores used to obtain 
radioactive materials to the ultimate dis- 
posal of wastes, care must be taken to 
prevent exposure of people or property 
to damaging radiations. Accidents in 
transport may be of a wide variety. They 
are unpredictable as to when and where 
they will take place and the extent of 
the damage which will result. There- 
fore, much care must be given in planning 
(1) the transport of these materials. 
(2) the carrier to be used, (3) the routes 
to be followed, and (4) the packaging of 
the radioactive or toxic material. In the 
case of highly radioactive materials. 
shielding to protect handlers and others 
and packaging under conditions which 
will avoid criticality are extremely im- 
portant. These precautionary measures 
add substantially to costs. 

Accidental spills of radioactive mater- 
ials in transport, especially in populated 
areas, on watersheds of public water 
systems, and on bridges over streams 
or rivers from which water for industry 
or public supplies is obtained, present 
real environmental hazards. In the wreck 
of a train or truck carrying radioactive 
materials, should a fire occur, a serious 
situation could develop, spreading radio- 
active gaseous effluents over a wide area. 
Crews attending the transport of these 
materials should be well informed as to 


hazards en route and to safety measures 
to follow in case of an accident. They 
should carry monitoring instruments by 
which to evaluate hazards which may 
arise. 


The cost factor in transport is one of 
the reasons why it is desirable to have 
the chemical processing plant reasonably 
near the reactor and why in the disposal 
of radioactive wastes suitable places for 
release and ultimate disposal should be 
sought near the processing plant. 

Radioisotopes——Although the levels of 
activity of manufactured radioisotopes 
generally used in research are small in 
comparison with those of materials used 
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in reactors and chemical processing 
plants, nevertheless, their use is wide- 
spread? and could create environmental 
hazards if careful controls are not applied. 
At institutions using these isotopes care 
must be given to the release of radio- 
activity to building plumbing and to 
public sewers in order that overexposure 
of maintenance personnel may be avoided. 
The effect of radioactivity on organisms 
used in public sewage treatment 
processes and the ability of these proc- 
esses to remove radioisotopes from 
wastes have been studied at the Johns 
Hopkins, New York, California, and 
Illinois Universities and at the Massachu- 


setts Institute of Technology. No se- 
rious effects of low-level wastes on these 


organisms were found. Removal of radio- 
activity from wastes by biological treat- 
ments is not too encouraging. 
Destruction of combustible radio- 
isotopes in ordinary institutional inciner- 
ators could create environmental hazards. 
The Bureau of Mines,* under contract 
with the Atomic Energy Commission, 
has developed an incinerator especially 
designed to handle combustible radio- 
active wastes. From a combustion stand- 
point the main feature is use of high- 
velocity tangential over-fire air. Pro- 
vision will be made for high efficiency 
filtration of the gaseous effluent. 
Nonradioactive Wastes.—The atomic 
energy industry has problems in disposal 
of wastes other than those which are 
radioactive. In the preparation of re- 
actor fuels large volumes of fluorides are 
used, which appear in waste streams. 
Since fluorides in drinking water in ex- 
cess of 15 ppm® may have a deleterious 
effect on the teeth of children, the dis- 
posal of these wastes presents an en- 
vironmental problem. It is not, however, 
one too difficult to cope with, since, in 
combination with calcium, fluorides can 
be immobilized in an insoluble form. Sub- 
stantial quantities of nitrates are also 
produced in certain chemical processes. 
If released under conditions where they 
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would contaminate sources of drinking 
water supplies, a serious problem would 
be presented. Nitrates in drinking water 
in excess of 50 ppm !° could cause nitrate 


cyanosis in children. The physiological 


effect of nitrates in water drunk by ani- 
mals needs to be fully investigated. 
Beryllium fluoride as a gaseous effluent 
produced in the manufacture of beryllium 
for the industry has been reported ™ to 
have serious—even fatal—effects when 
inhaled by adults. Ammonia used in certain 
processes for production of zirconium— 
an important new product used in the 
assembly of reactor fuels—is known to 
appear in wastes in sufficient amounts 
to be toxic to fish. 


Conclusions 

It is evident from the experience of 
other industries that as the atomic energy 
industry expands to serve mankind 
throughout the world it will present im- 
portant problems in environmental sani- 
tation and public health. Of special im- 
portance will be the disposal of long- 
lived, highly radioactive wastes from 
nuclear reactors and chemical processing 
operations for recovery of nuclear fuel. 
Currently, disposal of these wastes is 
the subject of much research and de- 
velopment work in the United States. 
The cost of safe disposal of radioactive 
wastes is much higher than for wastes 
in most other industries. Less expensive 
methods, therefore, must be developed, 
or the industry will be at an economic 
disadvantage. 

There is much evidence that for the 
large volumes of low- and intermediate- 
level radioactive wastes produced factors 
of dilution in nature, such as disposal 
to the ground, to the air, and to other 
surface waterways, can with safety be 
taken advantage of to reduce these costs. 
Should atomic energy plants be built in 
remote unpopulated areas of the world, 
the environmental aspects of waste-dis- 
posal practices should be given serious 
attention in order that the errors of 
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other industries in damaging natural re- 
sources may be avoided. The industry 
also has environmental problems in the 
disposal of toxic as well as radioactive 
wastes, especially in wastes containing 
fluorides, nitrates, and beryllium. 
Research and development in apprais- 
ing for the industry its environmental 
problems call for a high order of technical 
competency in many fields. As the in- 
dustry advances toward more populated 
areas, environmental problems will need 
to be resolved in full cooperation with 
federal, state, and local regulatory agen- 


cies having jurisdiction over public 


health, safety, and natural resources. 

In order that staff of these agencies 
may be in a position to give full assist- 
ance to this new industry, training pro- 
grams must be provided for a_ better 
understanding of the technology, the 
terms, and the standards of the industry. 
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Permissible 
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Gas Chaning for 


Energy rocesses 


LESLIE SILVERMAN, Sc.D., Boston 


Air and gas cleaning for nuclear energy 
processes differs from general cleaning 
problems in two major respects. One is 
the high order of toxicity of the contam- 
inants, and in the second the cleaning 
device becomes dangerously contaminated 
and thus poses health problems due to 
radiation or disposal of collected mate- 
rials. Radioactive gases and particulate 
matter in solid or liquid forms are the 
basic cleaning problems. Because of 
their high toxicity the degree of cleaning 
necessary is much severer than for most 
nonradioactive materials. 

Air- and gas-cleaning problems arise 
from the mining, refining, and produc- 
tion of uranium and thorium. In provid- 
ing cooling air for reactors or for 
shielding, contamination results from 
induced radioactivity in particulates con- 
veyed by the cooling air if it is not well 
precleaned. Cooling air may also become 
contaminated with radioactive gases or 
particulates resulting from failure or 
from erosion of fuel elements. 

Processing of reactor elements or slugs 
results in gaseous and particulate emana- 
tions from fission products, which create 
radioactive aerosols requiring nearly 
complete removal from the air stream 
before discharge to the atmosphere. Lab- 
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oratory and pilot production of special 
isotopes and metals, recovery of certain 
materials, and isotope separation proc- 
esses are operations which create radio- 
active contaminants. 

Reduction of bulk volume of wastes by 
incineration or evaporation of liquids each 
may create air-borne particulates which 
require special treatment. The air and 
gas cleaners by their recovery function 
provide solid- or liquid-contaminated ma- 
terials which must be processed or han- 
died. The contaminants range from rare 
gases, such as Argon (A‘*!), which are 
difficult to recover, to highly corrosive 
acid gases from metal extraction proc- 
esses, such as hydrogen fluoride (HF). 
Solid and liquid particulates may be or- 
ganic or inorganic and may range in size 
from less than 0.051 to 20u. The finest 
particulates arise from metallurgical 
fumes evolved by burning or vaporiza- 
tion, and the coarsest are acid-mist drop- 
lets. 


Types of Equipment Employed and 
Their Characteristics 

In the early days of the United States 
program it was necessary to apply devices 
which had been designed or developed 
for other purposes. There were a number 
of instances where industrial dust control 
equipment was applied and subsequently 
failed to give adequate performance. Re- 
quirements imposed by the low permis- 
sible concentrations specified for release 
to the atmosphere mean that efficiencies 
exceeding 99% for aerosol particulates 
less than lp» are frequently necessary. 
For high specific activity materials of 
long half-life efficiencies a thousand 


times greater are often required. It is 
customary because of these exacting de- 
mands to talk of decontamination factors 
or penetration values (1l—efficiency) 
rather than efficiency. A factor of 10 
means an efficiency of 90%; similarly, 
1000 indicates 99.9% removal. In some 
problems 10® values may be necessary 
for safe operation. 

Three items are of prime importance 
in defining air- or gas-cleaner perform- 
ance. These are efficiency, resistance 
to flow, and life. The two most important 
in nuclear applications are the first and 
the last. The power con- 
sumption to overcome resistance to air 
or gas flow cannot be disregarded but, 
within reasonable limits, can be pro- 
vided without difficulty. 

In commercial practice ! efficiency may 
be expressed (a) on a weight 
(b) on a weight basis for certain particle- 
size ranges, (c) on a stain-discoloration 
or surface-area evaluation, and (d) by 
actual numbers of particles. Since most 
radioactive contamination is on a mass 
basis, weight efficiency for certain par- 
ticle-size ranges is a reliable method. 
Rapid testing of units with fine aerosols 
(<0.52) may be done with light obscura- 
tion procedures using controlled particle- 
size aerosols, such as dioctyl phthalate 
(DOP). 

Unit life in service is of great impor- 
tance and is related to efficiency and re- 
sistance. Retention of particulates on 
filters influences flow resistance and life 
in relation to power consumption. Filter 
life becomes of special interest in min- 
imizing exposure of workers required to 
change or clean components or units. 
For this reason remotely controlled or 
constant resistance methods are optimum 
for nuclear applications. 

Nuclear energy operations range from 
the handling of large volumes of mater- 
ials of low activity, as in refining, to 
less than gram quantities of intense ac- 
tivity involved in research or tracer re- 
covery operations. 


necessary 


basis, 


AIR AND GAS CLEANING FOR NUCLEAR ENERGY PROCESSES 


Because of limited knowledge as to 
performance of various kinds of equip- 
ment on radioactive gases and particu- 
lates and since our various atomic energy 
activities may involve vast expenditure 
for equipment, a thorough program of 
evaluation, development in the field of 
air- and gas-cleaning research was started 
at Harvard in 1950. 

A handbook? for use and guidance 
of various facilities has been prepared. 
This publication incorporates a number 
of test results obtained in laboratory and 
field studies under’the Harvard program 
as well as data obtained elsewhere in 
the U. S. atomic energy program by re- 
lated research facilities. 

Air and gas cleaning equipment of 
most available types has been used. 
These range from simple inertial collec- 
tors to high-efficiency filters or electro- 
static precipitators. Modifications and 
technical variations of these devices have 
also been made. A summary of the usual 
applications and characteristics of the 
many devices employed is listed in the 
Table. Some of the methods cited are 
used in combination 
instances, 


or series and, in 
are similar to devices 
widely used for other industrial prob- 
lems. Exceptions are the higher-efficiency 
final filters and prefilters and deep beds 
of fibers. The high-efficiency filter * was 
developed for special applications, as re- 
quired by A.E.C., and will be discussed 
later. Commercial application of this de- 
vice has been made in pharmaceutical 
manufacture and fine instrument assem- 
bly plants. Specific and extended per- 
formance data on various collectors for 


some 


inert and radioactive aerosols are given 
in our annual and interim reports (foot- 
note of Table). 

A distinguishing feature of atomic 
energy applications in most operations 
(except refining) is the low-mass concen- 
trations of materials to be caught. This 
is apparent when the quantities of mate- 
rial involved are understood. In certain 
instances this simplifies control, and in 
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Operational Characteristics of Air Cleaning Equipment 


Particle Size Efficiency 
Type of Range, for Size Velocity, $s Approximate Current ——— in 
Equipment Mass in Col. 2, F. P. M. ‘ Cost/C. F. M. U. 8. Atomic Energy Program 
Median, Per Cent $ 


Simple settling >50 60 to 80 25 to 75 0.2 to 0.5 0.05 Rarely used 
chambers 


Cyclones, large § 40 to 85 2000 to 3500 0.5 to 2.5 0.10 to 0.25 +Precleaners in mining, ore hand- 
diameter (entry) ling, and machining operations 
Cyclones, small 40 to 95 2500 to 3500 2to0 4.5 0.25 to 0.50 Same as above 
diameter (entry) 


Mechanical Centri- § 20 to 85 2500 to 4000 = . 0.20 to 0.35 Same as large cyclone application 
fugal collectors 


Baffle chambers f 10 to 40 1000 to 1500 0.5 to 1.0 0.05 Incorporated in chip traps for 
metal turning 


Spray washers 20 to 40 200 to 500 0.1 to 0.2 0.10 to 0.20 Rarely used, occasionally as cool- 
ing for hot gases 


Wet filters Gases and 0.1y- 90 to 99 100 lto5 0.09 to 0.10 Used on laboratory hoods and 
254 mists chemical separation operations 


Packed towers Gases and sol- 90 200 to 500 1 to 10 6.40 to 0.80 Gas absorption and precleaning 
uble particles for acid mists 


Cyclone scrubber > 5 2000 to 3500 lto5 0.25 to 0.40 Pyrophoric materials in machin- 
(entry) ing and casting operations, 
mining, and ore handling; 

roughing for incinerators 


Inertial scrubbers, 8 to 10 90 to 95 3to5HP  0.15t0 0.25 Pyrophoric materials in 1 machin 
power-driven per 1000¢, f. m. ing and casting operations, 
mining, and ore handling 
Venturi scrubber >1 99 for H S80, 12,000 to 6 to 30 0.50 to 3.00 Incorporated in air-cleaning train 
mist, SiO: 24,000 at of incinerators 
oilsmoke, throat 


ete. 
60 to 70 
Viscous air- 10 to 25 70 to 85 300 to 500 0.03 to 0.15 0.004 to 0.006 General ventilation air 
conditioning 
filters 


Dry spun-glass g 85 to 90 30 to 35 0.1 to 0.3 0.02 to 0.04 "General ventilation air; pre- 
filters cleaning from chemical and 
metallurgical hoods 
-acked beds of 99. 2 10 to 30 1.0 to 5.0 liissolver-off gas cleaning 
graded glass 
fibers, lu to 
40 in. deep 


High-efficiency 99.95 to 99.98 5 through 1.0 to 2.0 0.04 to 0.06 ~ Final cleaning for hoods, glove 
cellulose-asbestos media; 250 boxes, reactor air, and incinera- 
filters at face tors 


All-glass web filters 99.95 to 99.99 5 through 1.0 to 2.0 0.07 to 0.10 Same as above 
media; 250 
at face 


Conventional Z 3to5 5to7 0.30 to 1.00 Dust and fumes in feed materials 


fabric filters production 


Reverse jet fabric 4 15 to 50 2to5 0.50 to 1.00 Dust and fumes in feed materials 
filters production 


Single-stage 90 to 99 200 to 400 0.25 to 0.75 0.50 to 2.00 Final clean-up for chemical and 
electrostatic 90-95 on metal- metallurgical hoods; uranium 
precipitator lurgical fumes machining 


Two-stage electro- <1 to 5 85 to 99 200 to 400 0.25 to 0.50 0.25 to 0.50 Not widely used for decontamt- 
static precipitator nation 


First, M. W., and others: Air Cleaning Studies, Progress Report NYO 1581, U. 8. Atomic Energy ri ‘ommission, June 30, 1951. 

First, M. W., and others: Air Cleaning Studies, Progress and NYO 1586, U 8. Atomic Energy Commission, June 30, 1952. 

Friedlander, S.; Silverman, L.; Drinker, P., and First, M. W.: Handbook on Air Cleaning, U. 8. Atomic Energy Commission, 
Sept., 1952. 

Blasewitz, A.G., and Judson, B. F.: Filtration of Radioactive Aerosols by Glass Fibers, Air Repair 4: 223, 1955. 

Silverman, L.: Laboratory Design for Handling Radioactive Materials. Panel Discussion, BRAB C onference Report 3, Nov. 
27 and 28, 1951. Available from Building Research Advisory Board, National Research C ouncil, Washington, D. 

Dennis, R.; Johnson, a. A.; First, M. W., and Silverman, L.: Performance of Commercial Dust Collectors (Report of Field Tests), 
Report NYO 1588, U. 8. Atomic Energy Commission, Nov., 1953. 

First, M. W., and tem: Air Cleaning Studies, Progress ‘Report NYO 1591, U.S. Atomic Energy Commission, June 30, 1953. 

Dennis, R., and others: How Dust Collectors Perform, Chem. Eng. 59: 196 (Feb.) 1952. 

Dennis, R., and others: Dust Collectors Tested in Field, Chem. Eng. 61: 187 (May) 1954. 

Johnson, G. A., and others: Performance Characteristics of C entrifugal Scrubbers, Chem. Eng. Prog. 51: 176 (April) 1955. 


; 

34 
| 


AIR AND GAS CLEANING FOR NUCLEAR 


other applications it may cause complica- 
tions. Loadings lie in the range of 1 to 
10 times that of outdoor air except for 
refining. Equipment life for certain ap- 
plications therefore is many fold as com- 
pared with usual process wastes. Certain 
cleaning approaches are feasible which 
would ordinarily be impractical from a 
life standpoint for industrial process load- 
ings. 

In reactor air cooling, it is essential 
to remove particulates from the cooling 
air to prevent induced activity. Doing 
this, however, maintains the initial heat 
of the 
is desirable to clean as close to the 


transfer characteristics 
It 


source of contamination as possible to 


surfaces. 


minimize deposition and accumulation in 


ducts and 


piping. In some instances 
these become radiating sources requir- 
ing shielding. Cleaning close to the 


source may involve problems of high 
temperature in thermal reaction processes 
and, as in the case of corrosive gases. 


requires special materials. 


ENERGY PROCESSES 


Particulate Removal 

Dry Filters —The high-efficiency asbes- 
tos-cellulose filter (Fig. 1) was evolved 
from gas-mask and protective shelter de- 
velopment. An improved form of in- 
creased capacity and life was made for 
atomic energy applications. This filter 
gives a decontamination factor of nearly 
5 10* on 0.34 particles and improves in 
performance in service. It has had wide 
use, for example, to clean air from re- 
actors, for chemical processing, and for 
general laboratory hoods. Originally it 
was indicated that the filter should not be 
used for resistances exceeding 2 in. of 
water because of excessive power con- 
sumption and possible structural failure 
or rupture of the filter element. In prac- 
tice, however, these filters have been used 
for resistances as high as 8 to 10 in. with 
increased life. It is advantageous to pro- 
tect the filter and increase its life with 
a prefilter. With a spun-glass prefilter 

improvement life has 
obtained. The operating life of 
proved to be much 


a significant in 
been 


has 


filters 


these 


Fig. 1. 


bestos 


Cellulose-as- 


filter as used for 


high-efficiency filtration 
of air. Unit shown 
24 by 24 by 6 in. 

500 it. 

minute of air. 


is 
and 
per 


hiters cu. 


te} 
; 
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greater than originally anticipated, and 
many have been in service up to three 
years. 

The cellulose-asbestos filter is unable 
to withstand more than small amounts 
of corrosive gases and is limited to tem- 
peratures below 100 C. The medium is 
not fireproof, although it can be made 
fire retardant. Danger is inherent with 
ignition and dispersal of retained con- 
taminants. Pyrophoric materials cause 
damage at their point of contact. In re- 
actor gas clean-up, spray cooling is used 
to reduce gas temperatures. Prefilters 
precede the final one, and very clean 
water is necessary for preventing spray 
aerosol formation. 

Because of these obvious limitations 
an all-mineral filter was developed. Two 
types of media have been produced. One 
is an all-glass formulation utilizing a 
combination of 1.54 and 0.5 fibers,* and 
the other is a combination of the coarser 
size glass and Bolivian blue asbestos. 
These have been fabricated into units, 
one a metal-frame*® type utilizing an 
aluminum-foil-corrugated separator sim- 
ilar to the kraft type used in the cellulose 
model and the other® incorporating an 
all-glass frame and asbestos separators. 
30th give performance comparable with 
the earlier type. In the all-glass media 
efficiencies far exceeding the earlier one 
have been reported for bacteria by 
Decker and associates.° Filters made 
with this media have already been placed 
in service. In chemical exposures wood 
frames and the plastic adhesive resist 
most mineral A recent develop- 
ment?! has been a ceramic fiber, 50% 
and 50% SiQs, known as Fibra- 
frax, which, although brittle and fragile, 
has been made into filter webs capable 
of withstanding 1000 C. The glass media 
uses a plastic binder which decomposes 
at temperatures above 250 C with loss 
of tensile strength. The only serious lim- 
itation to either the glass or the mineral 


acids. 


* References 4 to 7 
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media is attack by alkalies or hydrofluoric 
acid, 

Another approach to the chemical re- 
sistance problem has been the develop- 
ment of papers from fine plastic fibers, 
such as styrene or amide polymers. 
These papers are comparable in perform- 
ance to those made from mineral fiber 


and can resist mineral acids and alkalies. 


Glass fibers are also used in extended 
life-graded layer filters for handling dis- 
solver-off gas or vessel-vent gases. 
This application incorporates chemically 
resistant glass, in various diameters from 
254 to lp, placed in layers of varying 
density and thickness.'!* Full-size installa- 
tions have been in service for over two 
years and give low resistance and long 
life on low loadings of radioactive aero- 
sols. 

Sand or gravel in graded layers was 
used for cleaning general cell ventilation 
gases before the glass-fiber data were 
obtained. The greater porosity and 
smaller size with glass fibers make them 
more feasible than present sand filters. 
A concrete-lined pit may be filled with 
fibrous material in graded formulations 
on a porous supporting tile duct. An 
area large enough to handle the total 
gas volume at velocities of 20 ft. per min- 
ute is the design criterion. Fifteen to 
twenty-five years of use at extremely high 
efficiencies will be obtained before the 
filter is replaced. 

Filters used where resistance increases 
rapidly in service and which become 
highly radioactive must be handled away 
from personal contact. We have de- 
veloped a variable compression filter '* 
for this purpose, as shown in Figure 2. 
Its resistance can be controlled remotely 
by means of a mechanical linkage or a 
motor drive. The unit incorporates com- 
pressed layers of spun fiber glass, ar- 
ranged so that they can be gradually 
released in compression as resistance in- 
creases. Collected particulates thus pene- 
farther into the media. Efficiencies 


trate 
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SYS 


FILTERED 
am 


Fig. 2.—Variable 
filter as devel- 
oped for remote control 
of resistance 


com- 
pression 


utiliz- 
ing a bonded fiber-glass 
media. 


and 


well above 95% 


reasonable 


can be obtained at 
The phenolic 
bonded flexible fiber glass gives resilience 
to the media to maintain shape. 

One important application for refining 
operations may be mentioned, and that is 
the use of continuously, or automatically, 
cleaned pressed-wool or synthetic felts. 
These are made in the form of bag units 
which are cleaned by high-velocity jets. 
Rotary arm and disk-type units are two 
new forms which appear useful for heavy 
loading applications. The major advan- 
tage of this type for refining and fabrica- 
tion operations where heavy loadings 
occur with radioactive metals is that con- 
stant resistance maintains uniform venti- 
lation rates. The greater capacity— 
cubic feet per minute per square foot of 
cloth area (cfm/sq. ft. or filter velocity) 
—reduces the number of bags or com- 
partments and 
and replacement. 

Wet Filters —Mixed particulates as of 


resistances. 


minimizes maintenance 


acid mists and solids are common, and 


the fiber-glass devices mentioned above 


R ENERGY 


PROCESSES 


MEANS FOR VARYING 
COMPRESSION 
AEROSOL 


| 


TT 


\ 


ALLEL 


FILTERED 
air 


AEROSOL 
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are applicable. The 
wetted fiber 
other 
Wet made in- 
herently efficient, because entrained mois- 
ture or 


use of continuously 


beds and dry filters is an- 
approach to solving this problem 
collection cannot be as 
effluents not 
In general, wet collec- 
tors therefore should be followed by some 


dry-collection procedure. 

At Air Cleaning Laboratory we 
have devoted considerable study to wet- 
cell units followed by dry pads.‘* This 
type of device has been used for cleaning 
of laboratory 
nected 


misting 
readily captured. 


creates 


our 


hood effluents when con- 
central exhaust system. 
Studies show that this type of unit is 
an excellent gas absorption system be- 
of the extended wetted surface 
provided by the fiber-glass packs. A 
composite unit dynel and 
saran plastic fibers was developed for 
combined hydrogen fluoride gas and mist 
absorption.!® This unit removes 99% of 
hydrogen fluoride gas and 85% to 95% 
of particulates in the lp» range. If fine 
radioactive particulates (<1) are pres- 


to a 


cause 


employing 
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ent, units should include a _plastic-fiber- 
filter type comparable with cellulose-as- 
bestos. Mixed particulates are also 
associated with radiochemical laboratory 
use of perchloric acid. A small composite 
unit comprising a wetted cell, 

and an all-mineral filter has 


a mist 
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protected hoods, additional treatment was 
necessary to remove the interhalogen 
decomposition products, such as hydro- 
gen fluoride, chlorine, chlorine monoxide, 
chlorine dioxide, hydrogen bromide, and 

Aluminum wire filters 


hydrogen chloride. 
rushed limestone packs can be used 


eliminator, 


PLEATED \\ 
ALL — MINERAL 
FILTER —— 


100 ~GLass ~ 
FIBERS 


WAV 


mas 


1 
La 


N 


SPRAYING 
CONCURRENT 
TO aR 
FLOW 


hood scrubber unit. 


been developed for this purpose, as shown 


in Figure 3. This device fits into typical 
as described.’® It is 


laboratory hoods, 
thus possible to eliminate all organic 


materials in the cleaner with which per- 
chloric acid might react. Removal elim- 
inates the danger of perchlorates forming 
in ducts or on succeeding dry hood filters. 
With this unit perchloric acid may be 


used in hoods provided with usual filters 
Similar problems have arisen in i 


halogen chemical use in uranium metal- 
Since these reactions take place in 


lurgy. 
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Fig. 3.—Schematic diagram of perchloric acid 


inter- 


for larger quantities of 


hoods, but 


in 
materials a scrubbing system consisting 


of a series of ejector-type nozzles fol- 
lowed by a metal demisting screen was 
used by Liimateinen and Levenson.” 
High removal of halogen gases was read 
ily obtained, but particulate removal was 


not good. 
Radioactive-Gas-Cleaning Problems 


Radioactive gases created by reactor 
neutron flux on cooling air, such as A*, 
radioactive gases (Kr**, 


and certain 
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Kr*!, and which decay to 
radioactive particulate matter are not 
easily removed by conventional ap- 
proaches. Decay products may form after 
the latter gases pass through filters. At 
present the method of handling A‘! and 
the decay products is based on dilution 
and dispersion from tall stacks. If large 
amounts of rare gases are involved, ade- 
quate dispersion may 


depend upon 


weather conditions for proper operation. 


The gases may be condensed and ab- 
sorbed on activated charcoal at ex- 
tremely low temperatures with the use 


of liquid nitrogen and similar refriger- 
ants where it is economically feasible. 
The cost of such systems per cubic foot 
of air treated is so high that the method 
is only applicable to small volumes. An- 
other approach for such volumes is com- 
pression and storage of the gases in 
decay chambers. 

For reactive gases, such as I'*!, re- 
leased in volume during dissolver oper- 
ations, silver salt reactions were applied. 
A silver reductor unit, composed of a 
tower packed with saddles coated with 
silver nitrate maintained at an elevated 
temperature, gives the highest removal of 
iodine compounds. These units are used 
in series with fiber-glass filters. 
removal 
99.99%. 


lodine 
are greater than 
Most of the units have been in 
operation for periods beyond two years. 
Reaction gases with long half-life for- 
tunately are quite limited in number. 
Some gases may be more difficult to re- 
move than particulates. In these cases 
a stack is provided in addition to pro- 
vide additional safety in the event of 
failure in cleaning equipment. The stack 
also provides an added dilution factor for 
minimizing health hazards. It should be 
emphasized, however, that the best clean- 
ing at the source within economic reason 
must be provided before considering dis- 
persion to the atmosphere. 


efficiencies 


Incineration and Evaporation 


Reducing solid and liquid wastes is of 
major concern. To reduce the volume of 
low-activity waste to one-tenth by in- 
cineration or liquid waste to 1/100, or 
to its solid content, by evaporation has 
been investigated at many A.E.C. facili- 
ties. Incinerators must incorporate an op- 
timum gas cleaning system. High tem- 
peratures are developed (500 to 1000 C); 
therefore, it is necessary to provide cool- 
ing before particulate removal in most 
instances. Reducing gas volume by cool- 
ing or wet scrubbing minimizes the final 
cleaning equipment. Gas cleaning equip- 
ment applied to incinerators may be 
spray towers with elaborate scrubbers, 
such as the Venturi scrubber in series, 
and finally filtration through a spun-glass 
prefilter with a final filter of cellulose- 
asbestos. Reheating may be necessary 
to prevent condensation on filters. A se- 
rious difficulty associated with incinerator 
operation is that improper combustion re- 
sults in tar formation. Carbonaceous par- 
ticulates which are gummy or sticky may 
rapidly plug high-efficiency cleaners. 
Proper incineration will reduce some of 
the problems in the gas cleaning. 


The problems created by evaporation 
of liquids as to aerosol formation depend 
on the methods employed for reduction 
of liquid volumes. The highest efficiency 
in reducing volume is obtained by vapor 
compression evaporation. Filtration of 
entrained mist is done by means of fiber 
glass. Manowitz and his co-workers 18 
have studied vapor compression equip- 
ment incorporating fiber-glass filters for 
reducing radioactive particulates. They 
were able to obtain 100-fold reduction in 
liquid-waste volume. Fiber-glass filters 
showed decontamination factors ranging 
from 10® to 10%. Fiber-glass-layer com- 
position is similar to those employed for 
air or gas filtration purposes of coarser 
aerosols. In evaporation of liquid wastes 
rapid boiling, or ebullition, should be 
avoided, as it produces droplets which 
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may contain entrained solids. Upon 
evaporation these particles become an 
aerosol-cleaning problem. 

In the perchloric acid scrubber de- 
the final 
be washed and cleaned 


which removes the entrained acid. 


scribed, all-mineral filter can 
times, 
The 


process does not remove particulates im- 


several 


bedded in the fibers. It is apparent that 
fiber-glass media can filter saturated gas 
streams without difficulty. 


Performance and Choice of Equipment 


Of major concern in evaluation of air 
cleaners has been the method of sampling 
and rating performance. To obtain an 
over-all evaluation requires more than 
a single test aerosol. A single aerosol 
is useful for rapid rating of high-efficiency 
filters where each must be tested to meet 
specific requirements. The DOP 


aerosol of Ou is 


con- 
densation nearly 
homogeneous and offers a simple test 
substance. Rapid measurement of con- 
centration is done with a light-scatter- 
ing (forward) photometer. Since DOP 
is a liquid droplet, however, results are 
not the same as obtained with solid par- 
ticulates. For potential nuclear energy 
applications of devices or methods, we 
use a number of aerosols made by dis- 
persing of solid particulates or by spray- 
ing liquids containing dissolved salts 
(such as copper sulfate or uranium ni- 
trate) which can be made into solid par- 


ticulates of controlled size. Liquid 


smokes made from oil-vapor condensa- 
tion or burning tobacco are also em- 
ployed. The size of the aerosol series 
used ranges from less than 0.1n (vapor- 
ized metals) to particles in the lu to 5p 
range made from redispersed reduced sol- 
ids, such as tale, fly ash, calcium car- 


other mineral dusts. For 
dust testing with high-specific-gravity 
materials, iron powder spheres prepared 
from iron carbonyl may be used. Per- 
formance should be based on gross effi- 
ciency by weight or efficiency for a 


bonate, and 
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specific particle size. We also employ 
stain or discoloration evaluation, and for 
extremely toxic aerosols the number of 


particles penetrating is selected. 


Cleaning Gases from Power Reactors 

Particulates from power reactors come 
from two major sources. These are iden- 
tified with the inlet and 
the outlet of the reactor cooling air or 
its shield cooling air. 
the minimizes 
deposition and induced radioactivity. The 
degree of cleaning necessary for gases 
leaving the reactor depends upon the re- 
actor design and the amount of preclean- 
ing. 


conditions at 


The cleaning of 


air entering reactors 


Regardless of the reactor design, 
there will likely be gas generation some- 
where in the system, with possible en- 
trainment of particulates. present 
reactor designs some portion of the sys- 
tem may involve gas or air contamina- 
tion. Certain package types may not 
involve gas in quantities until reprocess- 
ing of fuel element:. In cleaning reactor- 
produced gases and the 
methods which have been described 
above can be applied, and the importance 
of reducing the gas volumes involved 
cannot be overemphasized. 


particulates, 


The problems of cleaning associated 
with air-cooled reactors are more acute 
if rupture of fuel elements takes place 
in operation or if serious erosien of sur- 
faces results. The important feature is 
that loadings will be low, unless a large 
number of fuel elements fail at once. 
Reactor systems must be safeguarded 
against large numbers of element rup- 
tures. Should a catastrophic or multiple 
failure reaction take place, the down- 
stream filter should be capable of re- 
taining most of the volatilized material. 
Devices which will permit cleaning of 
gases at high temperature are necessary. 
Research is now directed toward develop- 
ing devices which will operate contin- 
uously at temperatures above 500 C. Tall 
stacks are more effective at higher tem- 
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peratures for dispersion of radioactive 
gases and any discharged particulates. 


New Methods of Gas Cleaning 


of methods of 


cleaning have been developed by research 


number new 


gas 


sponsored by the Atomic Energy Com- 
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Fig. 4—Friction-charged filter utilizing 


mission. Many of these procedures | de- 
scribed briefly in a recent paper.’? Ob- 
taining electrostatic forces at reduced 
costs and inexpensive devices which can 
operate continuously at high temper- 
atures are two examples. My co-workers 
and I recently described '® a new method 
of electrostatic separation utilizing con- 
tinuous friction charging of fabrics. This 
appears promising for precleaning use. 
Figure 4 shows a schematic diagram of 
this unit. It cannot be used for saturated 
aerosols and acid-contaminated air 
streams. The use of inexpensive slag or 
mineral wool is being explored at our lab- 
oratory for high-temperature gas clean- 
ing. This method involves reuse of the 
wool by washing and drying. Atomic 
Energy Commission-sponsored research *! 
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has indicated the possible use of electri- 
tied sprays or electrified filters for air- and 
gas-cleaning work. Since most of these 
devices are in the state of early develop- 
ment, it is not possible at the present 
time to indicate more than their potential 
application to nuclear energy systems. 


F 


S 


ORLON SCREEN 
NOOL COVERED WIi 
ORLON COVERED PADDLE 
PERFORATED LUCITE BOX 
LICITE ROLLER 

WOOL BELT 

MASONITE BOX 


synthetic and wool tabrics. 


ER 


A 
B 
D 
E 
F 
G 


Summary 


Problems in. air 


and gas cleaning. 
which result from the handling, metal- 
lurgy, reactions, and applications of 
nuclear energy processes, are discussed 
in detail. Processes which create aero- 
sols and their behavior are mentioned, 
with emphasis on those aspects which 
differ from handling of combustion or 
ordinary materials. Cleaning require- 
ments are considered for protection of 
personnel engaged near operations as 
well as the general public. Special em- 
phasis is devoted to the aspects of clean- 
ing gases from power reactors. 
Performance data are given for various 
devices on radioactive and inert aerosols 
met in mining, feed materials production, 
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metallurgical reactions, reactor oper- 


ation, isotope production and handling, 
and special problems, such as incinera- 


tion of contaminated waste materials. 
Methods of evaluating equipment per- 
formance and problems in the selection 
and operation of equipment are of special 
concern and are discussed in detail. 
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H. C. HODGE, Ph.D., Rochester, N. Y. 

Including Work by A. Dounce, F. L. Haven, W. F. 

Neuman, A. Rothstein, C. Voegtlin, and J. H. Wills 

Uranium has many distinctions, prime 
among them being a source of atomic 
energy. The biological effects of uranium 
have been the object of the most intensive 
research. In Dr. Voegtlin’s words, “It is 
fair to say that the study of the toxicology 
of the uranium compounds. . . . represents 
the most comprehensive experimental inves- 
tigation of an industrial poison ever carried 
out.” 

When uranium gets into the body, it is 
reactive, quite apart from its radioactivity. 
Uranium is one of the most toxic elements 
chemically, more toxic than arsenic or mer- 
cury. Providentially, uranium is absorbed 
into the body only with difficulty. If it were 
not so, certain workmen in the early days 
of the Manhattan Project must have been 
injured severely. For example, there was 
one man whose job in the process of con- 
verting the brown oxide, uranium dioxide, 
into the green salt, uranium tetrafluoride, 
involved, at one step, shoveling the green 
salt into a wheelbarrow—a dusty operation 
in which he daily became so liberally coated 
with the green powder that he was known to 
his comrades as the “Green Hornet.” Yet 
this man was not injured by uranium. In 
fact, even when uranium is swallowed, only 
traces are absorbed into the body. 


Analytical Method 
To discover this simple fact, it is neces- 
sary to have a good analytical method for 
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uranium. The reaction between the uranyl- 
ion and ferrocyanide in solution to give a 
beautiful port wine color forms the basis 
for a reliable analytical method if milligram 
quantities of uranium are to be measured. 
For a highly toxic element like uranium, 
tolerated doses are measured in tenths or 
hundredths of milligrams per kilogram of 
body weight. The first requirement in the 
study of the biological effects of uranium 
was to find a method sufficiently delicate to 
trace quantitatively the very small amounts 
of uranium capable of producing injury to 
the body. A satisfactory method was gained 
when Neuman and Bloor perfected Hoff- 
man’s procedure, utilizing the fluorescent 
light emitted when a sodium fluoride glass 
fused with a small amount of uranium is 
exposed to ultraviolet light. Under the 
proper experimental conditions, the inten- 
sity of emitted light is directly proportional 
to the amount of uranium present. By this 
method, it is possible to measure one-two 
billionth (1/2,000,000,000) of a gram of 
uranium in a biological sample with an er- 
ror of + 5%. (It is a conicidence that the 


first atom bomb cost $2,000,000,000). 


Tissue Distribution 

Having a good analytical method, the 
distribution of uranium in the body can be 
described when a small dose is given in- 
travenously. 

Uranium given into the blood stream 
rapidly leaves the blood. Forty minutes 
after an intravenous dose a quarter to a 
third of the uranium has been deposited in 
the skeleton, nearly a half has been excreted 
in the urine, and, of the balance, approxi- 
mately half is in the kidney and half in the 
other soft tissues. Only a trace (1% or so) 
remains at this moment in the blood. The 
trends established so promptly continue. 
The uranium deposited in the kidney tends 
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to move into the urine; the uranium de- 
posited in the other soft tissues tends to 
move into the kidney. Consequently, when 
the pattern of distribution is examined 40 
days after the administration of an intraven- 
ous dose, a fifth to a quarter of the uranium 
still is retained in the skeleton, and the bal- 
ance, essentially entirely, has been excreted 
from the body via the urine. Thus the bone 
and the kidney are the two tissues of major 
interest in the study of uranium poisoning. 


Protein and Bicarbonate Complexes 


Uranium in the body tends to be con- 
verted into the hexavalent uranyl ion; this is 
the stable valence form. 
that follows, when biological effects are 
being considered, “uranium” usually means 


In the discussion 


“uranyl ion.” The uranyl ion in the blood 
stream is carried in part complexed with 
protein and in part with bicarbonate ; almost 
none exists as uranly ion (UO,"). The 
uranium protein complex is nondiffusible ; 
the uranium bicarbonate complex is diffusi- 
ble. Approximately 40% of the uranium is 
protein bound, and 60% is_ bicarbonate 
bound. The uranium protein complex is an 
anion; the uranium bicarbonate complex 
(1 UO?* to 3 HCO’) is an anion; it is an 
interesting fact that the uranyl cation is 
actually carried in the blood in anionic 
forms. Uranium is a strong protein precipi- 
tant reacting apparently principally with 
carboxyl groups. This is a non-denaturing 
precipitation, and the addition of bicarbonate 
is followed by a prompt re-solution. The 
diffusibility of the uranium bicarbonate com- 
plex is a key fact in understanding the me- 
chanism of uranium poisoning. 


Skeletal Deposition 


The deposition of uranium in bone in- 
volves both organic and inorganic bone con- 
stituents. Amprino has shown that trace 
quantities of uranium in the body may be 
deposited in part in the osteoid, the organic 
bone matrix. While this organically bound 
uranium may be important because of the 
permanence of such binding when exposures 
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to highly radioactive uranium isotopes occur, 
this locus of deposition is negligible for ex- 
posures to the natural mixture of isotopes. 
When chemically detectable amounts of 
uranium are Neuman 
shown that the bone mineral is the principal 


administered, 
site of deposition. Uranium is deposited 
on the surfaces of the extremely minute 
crystals of hydroxylapatite by exchange 
with surface 
using Ca * 


calcium ions. [Experiments 
in solution in contact with bone 
crystals have shown that uranium-treated 
bone has less exchangeable calcium than 
“normal” bone. Numerically, for every 
uranium ion deposited on the crystal sur- 
face, two calcium ions are no longer avail- 
able for exchange with calcium in solution. 
Similar experiments with radioactive phos- 
phate show that there is simultaneously a 
reduction in exchangeable phosphate of the 
crystal surfaces; for every uranium ion 
bound to the mineral, there are two phos- 
phate groups no longer available for ex- 
change with solution phosphate. A reason- 
able explanation can be made by assuming 
that each uranyl ion complexes tightly with 
two adjacent phosphates of the crystal sur- 
face, thus (a) preventing their escape into 
solution and subsequent substitution by 
tagged phosphate ions, and (>) simultane- 
ously releasing from the crystal surface two 
calcium ions previously associated 
these complexed phosphate ions. 


with 


Question of Radiological Hazard 


When the Manhattan Project was in the 
stages of rapid development, and when for 
the first time it could be seen that hundreds 
of workmen were going to be exposed to 
quantities of uranium, one of the questions 
presented to those responsible for health 
protection whether uranium would 
ultimately constitute a hazard because of 
its radioactivity, in the same way as radium 


was 


had been to the famed dial painters of 
World War I. Since a total of ly of 
radium had been found in the skeleton of a 
woman who had died from osteogenic sar- 
coma many years after exposure, it was as- 
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sumed that a danger level could be set at the 
amount of uranium equivalent. Uranium 
is so much less radioactive that 3,000,000 y 
must be deposited in an adult skeleton to 
constitute a calculated equal radiation haz- 
ard. It has now been established from the 
massive accumulation of animal toxicity 
studies that uranium deposition in bone is 
no radiological hazard. The toxic effects of 
uranium on the kidney would be fatal long 
before enough uranium was absorbed into 
the body to give a radiologically hazardous 
concentration in the bone. Animals inhaling 
atmospheres containing 2000y of soluble 
uranium dusts per cubic meter of air for a 
period of a year only deposited, on the 
average, 6y of uranium per gram or bone, or 
less than 0.01th of the amount judged capa- 
ble of inflicting radiological injury. When 
insoluble uranium dusts are inhaled, there 
is no chemical hazard to the kidneys; by 
the same token not enough uranium is ab- 
sorbed into the blood stream to furnish 
hazardous amounts for bone deposition. 
The inhalation of insoluble uranium com- 
pounds offers the possibility of building up 
in the lungs total amounts of radioactive 
particles sufficient to exceed the calculated 
tissue tolerance. This point is under active 
investigation at the present in our labor- 
atory. 


Characteristic Kidney Damage 


Uranium produces a characteristic histo- 
logical injury in the kidney. This organ 
is the only site of injury following small or 
moderate doses of uranium. Uranium 
poisoning follows a_ well-defined pattern. 
There is a lag period of hours to days 
(depending inversely on the dose) after the 
administration of the uranium before the 
damage becomes evident either histologically 
in the kidney tissues or functionally in the 
various indices of kidney function (e. g., 
elevated blood N. P. N., diuresis or oliguria, 
ete. ). 


From the glomerular capillary, diffusible 
uranium bicarbonate -enters the glomerular 
urine. Passing through the proximal con- 


voluted tubule, bicarbonate is resorbed into 
the venous blood, freeing uranyl ion in the 
tubular urine. The uranyl ion reacts with 
the protein membranes of the columnar 
cells, producing injury and—if the dose is 
sufficient—death of these cells. The cells 
rupture, and the cell contents are discharged 
into the urine. The severity and extent of 
uranium poisoning may be followed by ex- 
amining the excreted urine for protein and 
enzymes once in the cell cytoplasm. The 
most delicate indices of uranium poisoning 
are: (a) the concentrations of urinary pro- 
teins; (b) the concentrations of urinary 
acids (especially the amino acid 
nitrogen to creatinine ratio), and (c) the 
catalase activity. From studies of kidney 
function renal 
with histological 


amino 


and clearances, 


and 


combined 
autoradiographic 


studies, the site of major uranium injury has 
been localized in the distal third of the prox- 
imal convoluted tubule. If the injury has 
not been too severe and cells of the tubule 
lining remain, repair and regeneration are 
promptly established. Although the regen- 


erated cells are frequently atypical in certain 
details, recovery is prompt, and a few weeks 
or a month following the administration of 
uranium an animal may be almost completely 
normal by every test. There is no chronic 
form of uranium poisoning. Only repeated 
bouts of acute injury are found in animals 
chronically exposed to uranium, and, save 
in cases of overwhelming doses, the histo- 
logical injury is limited to the kidney. 
There is some evidence of the development 
of tolerance to uranium. In the rat this has 
been linked to the excretion of citrate in the 
days immediately following an acute uran- 
ium injury. 

From studies of large numbers of animals 
exposed to a variety of soluble uranium 
compounds for periods of one to two years, 
it has keen conclusively demonstrated that 
there is no kidney injury when animals 
breathe an atmosphere containing 50 y of 
uranium per cubic meter of air. This value 
has been set as the maximal allowable con- 
centration. If exposures are exclusively to 
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insoluble uranium compounds, somewhat 
higher dust concentrations can be inhaled 
without evidence of kidney injury. For 
insoluble compounds, “it is evident that 
exposures to concentrations of 50y or 
100 y per cubic meter would lie within the 
negative zone with wide margins of safety.” 


Blockade of Carbohydrate Metabolism 


The mode in which uranium injures or 
kills cells has been examined in some detail 
by Rothstein. It was found early that 
uranium blocks carbohydrate metabolism. 
Uranium reacts with the cell surface in such 
a way as to prevent the absorption of glu- 
cose. It is ironical that uranium, the source 
of nuclear energy, should poison living cells 
by blocking the cells’ source of energy. 
Most of the work on the metabolic effects of 
uranium has been carried out with the use 
of yeast cells. Metabolic activity of yeast 
is blocked with extraordinary promptness 
by the administration of a very low con- 
centration of uranium (10°M) into the 
medium. It should be stressed that it has 
not been proved that the blockade of carbon- 
hydrate metabolism is the only toxic effect 
that uranium can exert on a cell or even 
that this is the means by which kidney tub- 
ule cells are injured and killed. The known 
uranium effects, however, are limited to the 
blockade of the absorption of glucose (and 
to a nearly equal extent of fructose or of 
galactose). Simpler substances, such as 
alcohol, acetate, pyruvate, or lactate, are 
absorbed and metabolized as usual. Further- 
more, stored glycogen within the cell can be 
metabolized without diminution in rate. 

Uranium blockades at the surface of the 
cell. This localization has been established 
by demonstrating (1) that the blockade is 
extremely prompt, (2) that the blockade can 
be instantaneously reversed, (3) that the 
reversal can be accomplished with concen- 
trations of phosphate in the medium only 
1/100th those in the cell cytoplasm, (4) 
that uranium (U2?) is removed from the 
cells when the blockade is reversed, and (5) 
that the uptake of uranium by cells is a 


46 


saturation phenomenon involving approxi- 
mately 60,000,000 surface sites per cell. 

The surface sites with which uranium 
reacts are polyphosphate in nature. When 
uranium in small amounts is added to a 
suspension of yeast cells, most of the uran- 
ium can be found in the packed cells after 
centrifugation. If to the original suspension 
are added various materials known to com- 
plex with uranium, e. g., orthophosphate, 
pyrophosphate, and polyphosphates, these 
dissolved materials compete with the yeast 
cell surface sites for the uranium, and more 
of the uranium remains in solution. Certain 
polyphosphates (hexametaphosphate, for 
example) appear to be able to compete on 
nearly equal terms with cell surface sites. 

The ability of the cell site to bind uran- 
ium increases with increasing pH (from 
pH 2.5 to 4.5). Changing the pH of the 
medium in the presence of hexametaphos- 
phate does not disturb the pH dependency 
of the cell binding of uranium. This is in 
contrast to the alteration by other com- 
plexers, such as citrate, in the pH depend- 
ency of uranium binding. In other words, 
whatever changes occurred in the binding 
power of the yeast cell surface sites by 
changes in the pH have been exactly 
matched by changes in the uranium binding 
by hexametaphosphate in solution. These 
facts indicate that the cell surface site bind- 
ing uranium either is a polyphosphate or 
acts much like one. 


Hexokinase Inhibition 


Uranium specifically blocks carbohydrate 
metabolism apparently by blocking an 
system. The evidence can be 
marshalled as follows: 


enzyme 


(a) Glucose metabolism is blocked but 
not by glucose complexing uranium. 

(b) The polyphosphate nature of the cell 
surface binding site fits in the concept, since 
a high-energy phosphate source is required 
in the first step of glucose utilization, the 
formation of glucose-6-phosphate. 

(c) Magnesium inhibits and reverses the 
uranium blockade of carbohydrate metabo- 
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lism. Magnesium is the preferred co-factor 
for the first reaction in the utilization of 
glucose. 

(d) The great dilution at which uranium 
is able to act suggests that the reaction is 
enzymatic, 

In addition, data obtained (a) from 
studies of the kinetics of the inhibited re- 
action, (b) from the temperature coefficient 
and from the specificity of the reaction, 
and (c) from the effects of other ions, for 
example, hydrogen or potassium, all point 
not only to the enzymatic nature of this 
reaction but to the hypothesis that uranium 
specifically inhibits hexokinase in the sur- 
face of the cell. The inhibition can be re- 
presented schematically as follows. In the 
absence of uranium, glucose tends to enter 
the cell membrane through an appropriate 
portal assumed to bear a negative charge. 
Glucose is adsorbed on the surface of the 
hexokinase, a surface in which there is a 
characteristic binding of adenosinetriphos- 
phate (ATP) through magnesium to hexo- 
kinase. The adsorption permits a phos- 
phate from ATP to be taken by the sixth 
carbon atom of glucose. Glucose-6-phos- 
phate thus formed bears a negative charge 
and therefore cannot return to the medium 
through the negative charged portal. Each 
glucose-6-PO, molecule is further acted- 
upon in the cell membrane, ultimately reach- 
ing the cytoplasm broken down into frag- 
ments no larger than three carbon atoms. 


In the presence of uranium, the uranyl ion 
competes with and replaces the magnesium 
ion, so that the surface of the enzyme now 
becomes ATP bound through uranyl ion to 
hexokinase. When glucose penetrates and 
is adsorbed, the ATP-uranyl-hexokinase 
complex will not release a phosphate to the 
glucose. Consequently, the first step in glu- 
cose utilization cannot be taken, and _ the 
glucose returns unchanged to the medium. 


Summary 


More is known about the toxicity of 
uranium than about the toxicity of any 
other element. Uranium in the 
highly toxic; providentially, it is hard to 
absorb into the body. Once absorbed, 
uranium is carried partly as a protein com- 


body is 


plex and partly as a bicarbonate complex. 
In the bone uranium is deposited principally 
on the surface of the mineral crystals by ex- 
change with calcium. The kidney is the sole 
site of the characteristic histological injury. 
Uranium kills cells by blocking carbohy- 
drate metabolism, apparently inhibiting 
specifically hexokinase in the cell surface. 

Finally, a tribute should be paid to the 
vigilant medical supervision of the Manhat- 
tan Project and the Atomic Energy Com- 
This 
successful at all 


mission. supervision has been so 
their installations that 
severe uranium poisoning has never occur- 
red and mild uranium poisoning is so rare 
that it is practically unknown. 


of 


S. E. MILLER, M.D., Washington, D. C. 
D. A. HOLADAY, M.A., Salt Lake City 
and 


H. N. DOYLE, B.S., Washington, D. C. 
1881 1887 
found to be radioactive, were discovered 
on the Colorado Plateau in the Rocky 
Mountain area of the United States. 
These were carnotite ores which con- 
tained vanadium and uranium, with a 
small quantity of radium. Several mines 
were developed during this period, but 
production was small, since there was 
little or no demand for the metals at that 
time. 
The 


focused 


Between and ores, later 


development of atomic 
attention on the carnotite de- 
posits of Colorado and Utah, and from 
1946 on the discovery of many new ore 
bodies in mines of the Colorado Plateau 
caused the industry to mushroom. In 
August, 1949, when the industry had 
reached a sizable production rate, the 
Colorado State Department of Public 
Health appointed a board to assist the 
State Division of Industrial Hygiene in 
determining the potential hazards asso- 
ciated with the mining and milling of 
uranium ores. It was agreed at the first 
meeting of this group that little was 
known of the health hazards of the uran- 
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iners 


ium producing industry and that a health 
study of the industry should be con- 
ducted. 


On Aug. 25, 1949, a second meeting 
of the advisory group called, at 
which was also represented the manage- 


was 


ment of the larger companies mining and 
producing uranium in the State of Colo- 
rado. The group concluded that, in view 
of the dearth of available information on 
the health hazards associated with this 
industry, the Occupational Health Pro- 
gram of the U. S. Public Health Service 
should be requested to conduct a study 
of the uranium mines and mills. Accord- 
ingly, on Aug. 30, 1949, a formal request 
for such a study was made to the Sur- 
geon General of the U. S. Public Health 
Service by the Colorado State Depart- 
ment of Public Health, the Colorado 
Bureau of Mines, the Colorado Industrial 
Commission, and several companies en- 
gaged in uranium mining and production. 
The Occupational Health Program 
agreed to undertake this project, and a 
study was set up in cooperation with 
the Colorado State Department of Public 
Health. The National Cancer Institute 
the work with 


assisted in a grant to 


Colorado. 

While these negotiations were under 
the Occupational Health Field 
Station of the Public Health Service con- 
ducted a very limited study in the mines 
located on the Navaho Indian Reserva- 
tion. The preliminary information ob- 
tained in this limited investigation indi- 
cated that the miners were exposed to 
external radiation, radon, and high silica 
dust. 


way, 
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A preliminary survey was made of a 
mill producing uranium oxide and va- 
nadic acid, where it was found that the 
mill workers were exposed to uranium- 
and vanadium-containing dust and to 
fume and dust of the isolated uranium 
and vanadium oxides. It was determined 
that radon was of little significance in 
the mills because of the large area avail- 
able for dilution, that external radiation 
was not an apparent problem, but that 
it would be necessary to consider the 
internal radiation hazard residing in the 
air-borne dust produced in processing 
of the ore. 

The only pertinent: reference in the 
literature reported an attack rate of about 
1% per year of lung carcinoma among 
the miners working in Joachimsthal and 
Schneeberg mines. Peller? reported that 
30% to 50% of all the deaths of workers 
in these mines were due to a primary 
cancer of the respiratory system. This 
disease usually has developed only after 
an average exposure of 17 years. In con- 
trast to European practices American 
operations are intermittent. Normally 
only one shift is employed, and the 
mines are not worked on a round-the- 
clock basis. Consequently workers are 
not exposed immediately following the 
blasting when dust and radon concen- 
trations may be highest. Thus, European 
experience is not necessarily a_ satis- 
factory guide to those studying the prob- 
lem in the United States. 

Medical and clinical laboratory exam- 
inations of workers in the uranium pro- 
cessing industry of the Colorado Plateau 
were conducted in 1950, 1951, and 1953 
in cooperation with the National Cancer 
Institute. Six hundred thirty-four miners 
and hundred fifteen mill workers 
were examined, with emphasis upon occu- 
pational history, chest roentgenograms, 
urinalyses, and blood studies which included 
erythrocyte counts, total and differential 
leucocyte counts, hemoglobin estimations, 
and hematocrit values. 


seven 


In addition, a se- 
lected group of approximately 200 miners 
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and millers was examined for atypical blood 
forms by using a peroxidase staining tech- 
nique on blood smears. 

Thus 


far no clear-cut etiologic or 
pathologic patterns have been uncovered 
among the workers examined. Since the 
majority of the workers had been ex- 
posed for a period of less than three 
years, this is not surprising. There is 
obviously a need to repeat medical stud- 
ies at frequent intervals, and it is planned 
to reexamine these workers periodically, 
using the present medical findings as a 
base line. 

As a note on biologic effects, reference 
is made to work which proposes that 
urinary polonium measurements may 
serve as a rough measure of cumulative 
lung exposure to radon and its daugh- 
ters, since the daughters decay to Pb?!, 
a lead isotope with a long, effective half- 
life in the body and a decay scheme pro- 
ducing Po?!°2 In a comparison of the 
urine findings of 19 uranium miners of 
the Colorado plateau with those of 


unexposed laboratory personnel, it was 


found that the miners chronically ex- 
posed to high radon concentrations had 


amounts of Po?!” varying from 2ypc 
to 38upe per liter, while no polonium was 
found in the urine of the laboratory 
group. Thus, it would appear that the 
miners had inhaled and retained radon 


and its daughter products. 


Occurrence in Uranium Mines of Radon 
and Daughter Products 

Uranium ores contain, in addition to 
uranium, all the other members of the 
radioactive series of which it is the par- 
ent. The elements of this family which 
are considered to be potentially most 
hazardous to uranium miners are radon, 
Po*!§ (Ra A), (Ra B), (Ra C), 
and Po** (Ra C’). 

Radon enters mine atmospheres by 
diffusion from the ore bodies and ground 
water. Radon is slightly soluble in water 
and can, therefore, travel long distances 
underground to be released when the 
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pressure on the water is lowered. The 
amount of radon present in any part of a 
mine is determined by the rate of emana- 
tion from the ore body, the rate of re- 
moval by ventilation, and the radioactive 
decay of the gas. The immediate daugh- 
ters of radon all have short half-lives 
and thus will rapidly tend to reach equili- 
brium in an atmosphere containing radon, 
even though freshly emanated radon is 
free of these decay products. However, 
it requires about three hours for equili- 


Area 
Bull Canyon__- 
Calamity Mesa_- 
Cottonwood Wash 


Fast Reservation... 
Eastern Slope. 


Gypsum Valley - 
Long 
Marysvale 

Moab 
Monticello 
Monument Valley 
Outlaw Mesa______- 
Paradox Valley 
Polar Mesa_____- 
Slick Rock_- 
Temple Mountain 


* In micromierocuries per liter. 
+t Working mines. 


Ra C’ in all the operating uranium mines 
of the Colorado Plateau. During the 
summer of 1952 samples were obtained 
in 147 mines located in Colorado, Utah, 
Arizona, and New Mexico. While not all 
existing uranium mines were reached, 
those surveyed employed a large per- 
centage of the workers, and the concen- 
trations of radioactive gas and dust found 
were representative of those occurring 
throughout the industry. The concen- 
trations of RaA and RaC’ were cal- 


Min. Conc.* 
Ra A plus Ra 


Max. Conc.* 
Ra A plus Ra C: 
32,000 


Ra A plus Ra C: 
4500 


or 


on 


TaBLe 2.—Concentrations of Radon in Mine Atmospheres by Mining Areas 


Colorado Plateau Survey, 1952 


Area 
Bull 
Calamity Mesa___. 
Cottonwood Wash 


Gypsum Valley______. 

Slick Rock---- 


De Qe 


* In micromicrocuries per liter. 


brium to be reached, and therefore the 
atmospheric concentrations of these ele- 
ments are readily affected by ventilation. 
Under normal conditions it is therefore rare 
to find equilibrium amounts of radon and 
its daughters present in mines. 

During the course of the study an 
effort was made to obtain atmospheric 
samples for radon and for RaA and 
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Mines, 
No. 


culated assuming equilibrium and there- 
fore are not exact, but the error intro- 
duced in estimating radiation to the 
lung with the use of these data on at- 
mospheric concentrations will not exceed 
20%. 

The data have been consolidated and 
are presented in Tables 1 and 2 by min- 
ing districts, showing the median, max- 


TABLE 1.—Summary of Concentrations by Mining Areas, Colorado Plateau Survey, 1952 
= Mines, Median Conc.* 
11 
7 520 26,000 
) 5 18 120 
Gatewa 8 1000 6000 \ 
Grant d 3 2800 7000 
: CPE 4 9000 18,000 
: “ah 25 4600 37,000 
4t 2500 59,000 
: 10 380 3400 
1200 11,000 
we 2400 7700 
820 12,000 160 
|| Median Max. Min. 
Cone. Rn* Cone. Rn* Cone. Rn* 
Grants 940 2000 870 
14,700 18,000 1200 
8300 48,700 1300 
3360 25,900 840 
5900 6100 170 
3800 520 
6800 7300 3000 
: 3900 22,000 130 
4900 7100 1085 
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imum, and minimum concentrations that 
were found in each district. Table 3 
gives the number of mines and miners 
that fall into each of several ranges of 
atmospheric 


concentrations of radon 


daughter products. 

These Tables clearly demonstrate that 
the atmospheric concentrations of radon 
and its daughter products varied over a 
wide range under conditions which can 
be anticipated in uranium mines without 
planned control measures. Concentra- 
tions below the currently accepted maxi- 
mum allowable concentration were found 
in only 22.3% of the mines surveyed. 


Concentration* 
Ra A plus Ra C’ 


5000-9999 
Over 10,000 


* In micromicrocuries per liter. 
Average, all mines=4200 wyuc per liter (Ra A plus Ra C’) 
Median, all mines=1200 ye per liter (Ra A plus Ra C’) 


Calculation of Dose to Lungs and 
Removal of Degradation Products 


The radiation hazard involved in the 


mining of uranium ores comes from 
radon ‘and its immediate daughters. 
When radon is inhaled, it continues to 
decay, emitting alpha particles and 


producing Ra A, RaB, RaC, and RaC’. 
The daughters of radon will also decay, 
likewise emitting alpha particles as_ well 
as gamma and beta rays. The hazard to 
the lung primarily to 
the alpha particles Ra A, 
and RaC’. An additional hazard, how- 
ever, is caused by some of the radon 
being absorbed by the blood stream. 


tissue is due 


from radon, 


Under usual mine conditions 


large 
numbers of dust particles and water drop- 
lets are present in the atmosphere to 
which the solid decay products of radon 


TABLE 3.—Distribution of Mines and Miners by Radon Daughter Concentrations 
Colorado Plateau Survey, 1952 


No. Per Cent No. 


become attached. This dust will be in- 
haled and a portion of it retained, thus 
delivering additional radiation to the 
lungs. The amount of this dust-borne 
radioactivity present in mine atmospheres 
depends on the ventilation, air turbulence, 
and other factors. Studies have shown 
that where ventilation is provided the 
ratio of radon decay products to radon 
may be as low as 2% of the equilibrium 
The facts that the daughters of 
will become attached to inhaled 
dust particles and that the ratio of radon 
to its daughter products is profoundly 


value. 
radon 


affected by ventilation are important in 


Mines Miners 


Per Cent 
15. 


assessing and controlling the potential 
health hazards in uranium mines.* 
Experimental measurements made in 
unventilated areas, where the atmosphere 
contained, besides radon, normal dust 
loads in the range that human beings are 
likely to encounter, show that Ra A, the 
first product of radioactive decay, an 
alpha emitter with a half-life of 3.05 min- 
utes, is essentially in radioactive equilib- 
rium with the radon producing it. The 
abundance of the next alpha-emitting 
radioactive daughter substance, RaC’, 


* The rest of this section is taken from unpub- 
lished material prepared by Dr. W. F. Bale, Uni- 
versity of Rochester. A complete discussion of 
this subject is given in the paper, “Radiation Dos- 
age to Lungs from Radon and Its Daughter 
Products,” by W. F. Bale and J. V. Shapiro, which 
will be published in the Proceedings of the Inter- 
national Conference on the Peaceful Uses of 
Atomic Energy, held in Geneva in August, 1955. 
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100-499 27 17.2 117 16.0 
500-999 8 5.1 31 4.2 
1000-1999 17 10.8 140 19.1 
2000-4999 36, 22.9 153 20.9 
P| 18 11.5 60 9.2 
16 10.2 116 15.8 
157 100.0 733 100.0 
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separated from Ra A by two generations 
of intermediate isotopes, is much more 
variable but is typically present in 
amounts in the range of 20% to 80% of 
the equilibrium value. In the following 
calculations and discussion it is arbi- 
trarily assumed that this value is 50%. 
Experimental measurements have shown 
that, when these degradation products 
are breathed into the human respiratory 
system, appreciable percentages are re- 
tained there. Values have been given 
that range from 25% to 75%.+ 

The radiation dose from radon degra- 
dation products through Ra C’, breathed 
into the human respiratory system, has 
been calculated with the use of the fol- 
lowing assumptions: 
Radon level: 1 x 10™ c. per liter 


Ra A concentration, 
per liter 


same as radon: 1 x 10 c. 


Ra B concentration, 
liter 


radon: 0.5 x 10™ c. per 


Ra C concentration, 
liter 


Y% radon: 0.5 x 10 c. per 


Ra C’ concentration, % radon: 0.5 x 10™ c. per 
liter 

Retention of these degradation products in respira- 
tory system: 25% 

It is further assumed that they remain in the 
respiratory system until radioactive 
through Ra C’ has occurred. 


decay 


Under these conditions (and certain 
assumptions which cannot be given in 
detail), the total alpha dose from Ra A, 
Ra B. and Ra C-Ra C’ inhaled as particu- 
lates into the lungs is: 

0.00178 Ra A 


0.00441 Ra B 
0.00330 Ra C 
0.00949 rep/week 
This is larger than the dose due to 
inhaled radon plus the daughters of this 
inhaled radon decaying in the lungs by 
a factor equal to 
949X108 4 
4.43 x 104 


+ Reference 3; Harley, J. H.: 
munication to the authors. 


Personal com- 
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Thus, if the degradation products could 
from the air breathed, the 
average radiation dose to the lungs due 
to radon and its daughters would be 
reduced to 4.4% of the value for unfiltered 
air. 


be filtered 


If the air breathed, therefore, is cleaned 
of these daughter products, the permis- 
radon 
creased 


concentration could be in- 
several Because of the 
rapid build-up of Ra A from radon, prob- 
ably the only method that will give sub- 
stantially complete cleaning of breathed 
air will be a respiratory filter that will re- 
move essentially all particulate matter. 
However, other effective air cleaning or 
ventilative methods may, by removal or 
dilution of degradation products, decrease 
the hazard of breathing a radon-contain- 
ing atmosphere below that indicated by 
the measured radon concentration value. 


sive 
times. 


Control of Radon by Ventilation 

In the previous section it was indicated 
that the greatest potential health hazard 
is due to the decay products of radon, 
particularly Ra A, Ra B, and Ra C’. Thus, 
control measures would. necessarily have 
to be designed to prevent the inhalation 
of these nuclei and to allay the dusts 
which attract and hold the nuclei by elec- 
trostatic forces. Wet drilling and wet 
handling of the ore are common prac- 
tices and are required by State law as a 
control for silicosis in all mining opera- 
tions. 


It was, therefore, apparent that there 
were three possible control methods: (1) 
respiratory protective devices to remove 
radioactive particles in the inspired air, 
(2) filtration of the air in working areas 
to reduce the concentration of radon 
decay products and to prevent the attain- 
ment of equilibrium between radon and 
its decay products, and (3) dilution of 
the radon and its decay products by 
forced ventilation. 


Previous experience in metal mine op- 
erations indicated that ventilation was 


the 


principles 


useful method and involved 
familiar to mining practice. 
Preliminary studies had also shown that 


most 


ventilation was effective in reducing the 
concentration of radon decay products. 
Consequently, studies were designed to 
information on 
the effects of ventilation. The reports on 
these studies, in addition to presenting 


determine quantitative 


the results of ventilation experiments, 
developed methods for determining ven- 
tilation rates which are required to pre- 
vent the concentration of atmospheric 
selected 
allowable value in a working section or 


radon from exceeding any 

a drift of a mine, for estimating the actual 

radon emanation rate from an ore body, 

and for determining atmospheric concen- 
trations of the decay products and their 
equilibrium ratio. These studies, coupled 
with others performed by the Public 

Health Service, have led to the following 

conclusions: 

1. Proper mechanical ventilation will re- 
duce the concentration of radon and 
its decay products to an acceptable 
level.§ 

2. The approximate amount of air neces- 
sary in a working area to reduce the 
radon decay products to a given value 
can be readily determined by methods 
developed in these studies. 

3. In the absence of a preliminary study 
to determine the conditions, the mine 
must be ventilated to control the worst 
expected For uranium 

mines the complete specifications may 

_be stated as follows: 

(a) In all working areas sufficient 
ventilation should be provided to 
maintain the atmospheric concen- 


conditions. 


t References 4 to 6. 

§ A conference called in Salt Lake City in Feb- 
ruary, 1955, sponsored by the Utah Industrial 
Commission, adopted the proposed value of the 
National Committee on Radiation 


Protection of 


100uuc of radon i: equilibrium with its immediate 
daughters (Ra A, Ra B, and Ra C). This amount 
of daughters will produce 130,000 mev of alpha 
energy on complete decay to Ra D. 
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tration of degradation products 
below the suggested working level 
(130,000 mev of alpha energy/ 
liter). 

(b) Each pair of men mining in ore 
should be provided 1000 cu. ft. 
of fresh air per minute, discharged 
from a tube outlet located not 
more than 30 ft. from the breast. 

(c) In drifts the quantity of air 

flow should be calculated to pro- 

duce a velocity of fresh air flow 

of not less than 30 f.p.m. 

In all ore body areas (any area 

where radon is being emanated), 

the ventilation rate should be cal- 
culated to produce a complete air 
change in the area at least every 
four minutes, unless a preliminary 
engineering survey shows ema- 

nation rates than 110" 

atoms per minute per 1000 cu. ft. 

of mine volume. In such cases the 
frequency of air change may be 
reduced. 


(d) 


less 


4. Maximum use should be made of nat- 


ural ventilation, but this cannot be 
relied upon to bring concentrations in 
dead-end drifts down to acceptable 
levels even under the best of condi- 
tions. 


Hazards Among Millers 


Since the process for the separation and 
isclation of uranium and vanadium is 
different in each mill, it is impossible to 
generalize the findings except in a few 
operations which are common to all 
plants. Briefly, however, it may be said 
that there are no health hazards in the 
mills which cannot be controlled by ac- 
cepted industrial hygiene methods. 

As pointed out earlier, radon and its 
decay products are not usual problems 
in the milling plant because of the large 
volume of air available for dilution and 
the open-type construction which is gen- 
erally used throughout the industry. 

Dust control at the crushing operation 
has been found to range from fair to poor. 
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A, 


The control of dust at this operation can 
be accomplished by standard engineering 
methods, but the installation should be 
designed by competent and skilled per- 
Standards set by the State for 
silicosis control, using the ore of highest 
free silica content (70%), should be used 
as a guide in determining the effective- 
ness of dust control systems. This value 
(5,000,000 to 20,000,000 particles per cubic 
foot) should also control other health 
hazards inherent in the dust. Since the 
radon has not been confined at this opera- 
tion, the decay products have not had 
the opportunity to reach equilibrium. 
Until adequate dust control has been 
established at this operation, the workers 
should be required to wear approved dust 
respirators. Daily baths and frequent 
changes of clothing by the workers are 


sons. 


also indicated. 

Relatively high concentrations of ura- 
were found 
around the fusion furnaces. In practically 


nium and vanadium fume 
all plants the workers in this area were 
found to be suffering from a chronic irri- 
tation of the upper respiratory tract, ap- 
parently exposure to 
vanadium fume. Several cases of a tran- 


resulting from 
sitory illness were observed among work- 
ers welding or cutting vanadium-coated 
pipes and metals. 

Since the fusion operation is different 
in each plant, it is not possible to make 
specific recommendations applicable to 
each establishment. In general, it may 
be said that all fusion furnaces should be 
constructed so as to prevent fume leak- 
age. Local exhaust ventilation should be 
provided at the transfer point (from fur- 
nace to casting wheel) and at the bagging 
operation. The workers should be pro- 
vided with fume respirators for emer- 
gency and temporary exposures to vana- 
dium and uranium fumes. 

Portable exhaust systems should be 
located in the fusion area and used by 
maintenance workers whenever it is nec- 
essary to cut or weld metal coated with 
uranium or vanadium. 
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Good personal hygiene should be prac- 
ticed by the workers in the fusion area, 
including daily baths and freshly laun- 
dered work clothes each day. 

Only certain specific hazards in the 
mill are dealt with here. Exposures to 
other health hazards, such as acids, alka- 
lies, certain gases, and other agents, were 
also noted, however. Each mill should 
therefore consider the advisability of a 
general industrial hygiene survey by a 
competent authority. 


Summary 


Atmospheric concentrations of radon 
and its degradation products in uranium 
mines of the Colorado Plateau varied 
widely. It was determined that radon was 
of little significance in the mills because 
of the large volume of air available for 
dilution. 

Up to the present more than 1300 
miners and millers have been examined 
medically. No clear-cut etiologic or path- 
ologic patterns have been uncovered, 
probably because the majority of the 
workers had been exposed for less than 
three years. The need for repeating the 
medical studies is clear. 

Reference is made to the calculation of 
dose to the lungs and the effect of remov- 
ing degradation products. 


A number of conclusions are presented 
referring to the control of radon by ven- 
tilation. 


Recommendations are made with re- 
gard to certain hazards to which mill 
workers may be exposed. 
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Introduction 


Measurement of the dispersion of an oil- 
fog test effluent from a 355 ft. source has 
been one of the outstanding features of the 
meteorological program at Brookhaven Na- 
tional Laboratory since 1949. In this paper 
the results of more than 100 individual field 
tests contribute to a study of the time and 
space variations of concentrations. How- 
ever, even this analysis can hardly be called 
complete, since sufficient data are available 
only for the review of typical daytime 
The measurements of 
nuclear radiation from the cooling air of 
the reactor could have been used to provide 
additional information, but it is felt that a 
study of the oil-fog concentrations alone is 
more valuable. Treatment of two completely 
different effluents in the same paper would 
be likely to result in confusion rather than 
clarification of the problem. Furthermore, 
radiation effects can be computed from con- 
centration estimates in a relatively straight- 
forward manner, but it is nearly impossible 
to define point concentration values from 
measurements of radiation from A*!. 


dispersion cases. 


Instrumentation 


The meteorological installation, oil-fog 
test facility, and local topography have been 
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described previously by Beers,’ Lowry,? 
Singer and Smith.* A 420 ft. tower sup- 
ports wind and temperature instruments as 
well as a test stack from which oil-fog is 
emitted. The oil-fog is produced by con- 
densation rather than combustion, and the 
resulting aerosol consists of droplets rang- 
ing from 0.05 to 3.0 with a mean radius 
of 0.34. The settling rate is negligible when 
compared with natural diffusion processes, 
and both evaporation and coagulation effects 
are believed minor. The effluent may there- 
fore be treated as a true aerosol. 

The oil-fog has been measured by two 
very different techniques. Photometric den- 
sitometers, operating on the basis of the 90- 
degree scattering of visible light, have been 
used for continuous measurements at ground 
level. Since these instruments are expensive 
and a vehicle is required for the operation 
of each unit, no more than three have been 
used at one time. A second method, involv- 
ing the collection of oil-fog on molecular 
filters and measurement by a fluorometric 
device, has been used during the past two 
years. This method permits measurement at 
a large number of points but gives no indi- 
cation of short-term variations. The calibra- 
tion of both systems has been accomplished 
in a virtually airtight room having a volume 
of 200 m.* Ojil-fog is introduced in known 
amounts by a miniature of the large field 
generator. 

Laboratory has been 


accuracy not 


achieved with either of the field sampling 
In fact, it is quite difficult to 
evaluate certain aspects of this problem of 
accuracy, since no method of testing the 
sampling techniques has been found that 
does not also have relatively large errors. 
It is 


techniques. 


necessary, therefore, to use com- 


VARIATION OF EFFLUENT CONCENTRATIONS 


parisons for an over-all evaluation of ac- 
curacy. The light-scattering and fluoromet- 
ric techniques are good checks against each 
other. The very sensitive to 
variations in particle size but cannot “lose” 
an appreciable quantity of the effluent in 
the process of sampling. 


former is 


Exactly the re- 
verse would be expected of the filter-fluor- 
ometer method. The data are subject to 
an over-all check by comparison with the 
measurements of the radiation from the A"! 
contained in the nuclear reactor cooling air. 
These measurements, described by Lowry * 
and Singer,® are of a different type al- 
together. The effluent is an inert gas not 
subject to any depletion other than an ac- 
countable radioactive decay. Also, the samp- 
ping devices are sensitive to both B and y 
radiation and therefore reflect a complex 
integration of effects from a large portion of 
the cloud rather than a small volume. Des- 
pite these and other important differences, 
predictions of the radiation based on oil-fog 
measurements have been accurate to within 
a factor of 2. 
have shown no tendency to change with 
distance, and this certainly should be ap- 


Furthermore, the comparisons 


parent if the oil-fog suffered serious de- 
pletion after leaving the stack. 

Thus, the oil-fog data summarized are 
believed to be +50%. The 
data obtained after 1951 are almost certainly 
more accurate than this, but it would be in- 
correct to assign greater reliability to the 
combined results. 


accurate to 


The accuracy of the meteorological instru- 
ments is, of course, much easier to evalu- 
ate. Complete reports of this work have 
been published previously by Mazzarella ® 
and Mazzarella and Kohl.? It is impor- 
tant in this analysis to recognize that the 
wind-direction are reliable 
only to + 3.0 degrees and that map locations 
may 


measurements 
have directional errors of the same 
Therefore, the relation between the 
indicated mean winds and the locations of 
the samplers is reliable to only +6.0 de- 
grees. The wind-speed measurements are 
accurate to +0.2 m./sec.? and the temper- 


order. 


ature differences to +0.1 degree (C). 


Sampling Procedures 


The oil-fog sampling instruments have 
been used in three different ways. The first 
and commonest are continuous records of 
concentration at a fixed point over time 
periods ranging from a few minutes to sev- 
eral hours. It is from these densitometer 
records that all data on short-term variations 
are obtained. The densitometers have also 
been used to obtain series of traverses per- 
pendicular to the wind direction. These 
give fair estimates of the mean cross wind 
profiles of the concentration and good esti- 
mates of plume width. In the third proce- 
dure, 10° or filter 


provided more accurate measurements of the 


more samplers have 
cross wind profiles. Mention should also be 
made of the large number of visual and 
photographic observations which, although 
qualitative, have served to eliminate faulty 
data and improve the reliability of the samp- 
ling system. 


Meteorological Classification 


In order to prevent an analysis of this 
type from becoming too involved, it is nec- 
essary either simply to list the concentra- 
tion data, together with the associated 
meteorological information, or to sort them 
on the basis of some simplified classification 
of weather conditions. Largely for con- 
venience, these data are separated in ac- 
cordance with the gustiness classification 
described by Singer and Smith.. The gus- 
tiness classes are based on the variability of 
the horizontal wind direction at stack height 
(355 ft.). Sample sections of the horizontal 
direction records are shown in Figure 1. 
The frequency of occurrence is shown in 
Table 1, together with other pertinent in- 
formation. The following sections them- 
selves reveal some of the deficiencies of the 
classification, but it has been found suitable 
for the separation of major differences in 
dispersion and for the prediction of ground- 
level concentrations at this site. 
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TYPE A 


TYPE B' 


at 
: 
| 
= 
| 
| 
han 
TYPE B 


¢ 


+ 


GUSTINESS CLASSIFICATIONS 


1. Gustiness classifications. 
lustrating the five classes of wind gustiness. 


Mathematical Considerations 


The formula developed by Sutton ® 
serves as a mathematical model for the 
dispersion. As has been noted recently 
by me,’® this selection is more a matter 
of convenience than theoretical prefer- 
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Sections of horizontal wind-direction records 
(Neg. 12-165-2.) 


are shown, 1! 


since no treatment now available 
can be described as a general solution 
of the problem. The form used in this 
analysis is given in Equation Pa 


x=— exp I(-; 


ence, 


| 
| 
| 
“AY 
TYPE C TYPE D 
: 
|_| 


VARIATION OF EFFLUENT CONCENTRATIONS 


TaBLe 1.—Relation of Gustiness Classes and Meteorelogical Conditions 


The Winds, Lapse Rates, and General Weather Conditions Usually Associated with the Brookhaven 


Gustiness Classes Are Shown. 
Are Also Included. 


Gustiness, 
Classi- 


fication Meteorological 


A Sunny skies, light variable winds 
B; 3. Y Similar to A; stronger winds 
Typical daytime condition, sunny to 


partly cloudy skies, moderate winds 


Overcast skies and moderate to strong 


winds 


Clear to partly cloudy 
light surface winds, typical nocturnal 


conditions 


where 


x=mean concentration (gm. m.**) 

Q=rate of pollutant emission (gm. sec.’~) 

Cy=horizontal diffusion parameter (m."/*) 

C.=vertical diffusion parameter (m."/*) 

u—mean wind speed (m. sec.”*) 

x, y=—downward and cross wind distances (m.) 

h=stack height (m.) 

n=index of turbulence (dimensionless ) 

Since one of the main purposes is to 
summarize the Brookhaven results for 
comparison with others, the concentra- 
tion values are converted to the dimen- 
sionless quantity yuh?, although they 


will still be referred to as concentrations. 
The reader is warned that the use of this 
form does not imply that direct compari- 
son with data obtained from very differ- 
ent sources should give satisfactory re- 
sults. Cy and C, almost certainly vary 
significantly with height and probably 
with surface roughness also. The phys- 
ical significance of the parameter m is 


somewhat uncertain, but it too may vary 
with height and terrain factors. 


Some readers may wish to review the 
actual concentration measurements. The 
necessary values of u and Q are given 
in Table 8, and a constant stack height 
of 108 meters is used, since the plume 


Qualitative Description of 
Conditions 


Their Frequency of Occurrence and Rough Description of Smoke Behavior 


Frequency 
Behavior of 


Smoke Plume Occurrence, 


Per Cent 
Erratic movement of plume 1 
in loops and separate 
puffs 


Similar to A, but more 
consistent direction 

Considerable vertical and 
horizontal motion with 
loops in plume, but rather 
steady direction of motion 

Cone-shaped plume with 
very consistent dimen- 
sions and no evidence of 
loops or breaks 


nights with Fanning plume with no 


appreciable vertical 
motion and weak hori- 
zontal dispersion 


seldom rises significantly above the stack 
top. 

In a study involving turbulence, it is 
always necessary to select time intervals 
to be used as basic averaging periods. In 
so doing, one influences the study by 
excluding variations of certain periods 
from the definition of turbulence. In the 
Brookhaven case a one-hour period was 
chosen in accordance with the large scale 
of the problem and the initial interest 
ina relatively long-term radiation dosage. 
Thus, the most intensive work has been 
directed toward the prediction of mean 
concentrations for 
Data for 


one-hour 
intervals 
treated as deviations. 


periods. 


shorter have been 


Time-Mean Concentrations 


The most complete mean concentration 
data from tests are those obtained during 
the sunny skies and moderate winds of 
the B, gustiness class. In fact, the data 
are sufficient to allow consideration of 
variations with wind speed as well as 
distance. the time-mean 
are divided into 
low- and high-wind speed groups in 
Tables 2a and 2). Data lying within 
+5.0 degrees of the plume centerline, as 


Accordingly, 


concentration values 
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Mean 
Mean Lapse 
Speed, 
3 
42 
O 


Aad 


indicated by the mean wind direction, are 
included. 

The first point of interest is the obvious 
deviation of certain tests from the rel- 


Taste 2a.—Time-Mean Concentrations Within 
+ 5.0 Degrees of the Indicated Centerline 
of the Plume 


The Variation of Mean Concentrations with 
Distance Is Shown for Low and High Wind-Speed 
Groups in the a and b Sections, Respectively. 
Concentration Values Are Actually in Dimension- 


less Units of X wh*, as Is true for All Data. 
O 
B, Gustiness Winds 0-8.9 m. Sec. —' 
Mean 

Distance Concentration, 
from x uh? Length 

Source, of Test, est 
Km, Min. No 
0.70 0.026 60 -2 
0.77 0.083 52 22 
1.00 0.151 7 50-3 
1.00 0.118 58 50-6 
1.10 0.041 135 54-15 
1.10 0.086 oF 51-9 
1.20 0.037 51-9 
1.20 0.095 83 52-4 
1.40 0.018 116 54-19 
1.50 0.011 76 50-9 
1.90 0.131 106 54-21 
1.90 0.049 92 51-9 
2.25 0.054 46 50-3 
2.40 0.052 70 51-1 
2.50 0.049 43 50-6 
3.60 0.015 95 51-1 
3.98 0.031 70 52-3 
4.40 0.003 0-9 
440 0.027 74 51-9 


atively smooth concentration-distance re- 
lation suggested by the majority of the 
results. Tests 54-19, 50-9, and 54-21 in 
Table 2a and 54-16 in Table 2b are the 
most apparent misfits. No simple and 
complete explanation of these deviations 
has been found. However, the remaining 
data give fairly consistent patterns in- 
dicating a maximum concentration be- 
tween 0.8 and 1.0 km. in the 0-8.9 
m. sec.! group and at about 1.3 km. in 
the > 9.0 m. sec. set. The lack of data 
at distances other than those indicated 
does not mean that measurements were 
never made at such points but rather that 
the attempts give results below the sensi- 
tivity of the instrumentation. 

One reason for the wide variability of the 
data given in Tables 2a and 2d is certainly 
that the relation between the indicated and 
the true plume centerlines is difficult to 
specify. Two of the causes of this, wind 
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2b.—Time-Mean Concentrations Within 
+ 5.0 Degrees of the Indicated Centerline 
of the Plume 


The Variation of Mean Concentrations with 
Distance Is Shown for Low and High Wind-Speed 
Groups in the a and b Sections, Respectively. 
Concentration Values Are Actually in Dimension- 
less Units of X wh’, as Is True for All Data. 


O 
B, Gustiness Winds > 9.0m. Sec, —! 
Mean 

Distance Concentration, 
from x uh? Length 

Source, Q a of Test, Test 
km. Min. No. 
1.10 0.073 95 52-1 
1 20 0.120 120 M6 
1.30 0.134 90 52-2 
1.30 0.125 aY 54-3 
1.50 0.019 150 54-16 
1.50 0.102 140 M6 
1.70 0.095 86 i246 
2.00 0.040 180 54-8 
2.30 0.066 90 52-2 
2.50 0.027 52 
5.10 0.053 12-6 


direction and map errors, have been men- 
tioned previously. In addition, the variation 
of wind direction with height is recognized 
as a contributing factor. The validity of 
this can be shown by an analysis of the 
cross wind traverse and filter data which 
automatically define the actual centerline at 
ground level. A significant improvement in 
the definition of the concentration-distance 
relation is shown in Table 3, in which 
only tests of the cross wind type are used. 


TasLe 3.—Relation of Plume Width to Distance 
from the Source 


Measured and Computed 
Widths Are Shown for the B,; Gustiness Class 
Only. Since These Tests Include Only Those in 
Which the True Centerline Was Known, the 
Concentration Values Are Believed More Reliable 
than Those in Tables 2a and 2h. 


Angular Plume 


Gustiness 


Observed 
Centerline Plume Half Width* 
Distance Concentration, 
Downwind, x uh? Observed, Computed, 
Km. Q Deg. Deg. Test No. 
1.1 0.132 10 13 52-1 
1.2 0.125 9 13 M43 
1.2 0.116 13 13 51-9 
1.2 0.132 12 13 52-4 
1.3 0.176 4 12.5 52-2 
1.4 0.120 M4 12.5 546 
1.7 0.124 10 12 52-6 
19 0.157 12 12 54-21 
2.3 0.090 10 12 52-2 
2.5 0.100 9 12 52-0 
3.6 0.015 4 12 51-1 
4.0 0.041 ll 12 52-3 
44 0.088 10 12 51-9 
5.1 0.067 S 12 52-6 


* Angular distance at which 10% of centerline value occurs. 
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Similar tabulations of data for the A, 
Bs, and C gustiness types are not included, 
because the number of suitable runs in each 
of these groups is insufficient. This is not 
surprising in view of the infrequent oc- 
currence of the types and the fact that pre- 
cipitation often accompanies the C condi- 
tion. However, partial data and visual 
observations have permitted evaluation of 
diffusion parameters for the By and C cases 
as well as the B,. The estimates completed 
in 1953 are shown in Table 4. These val- 


TaBLe 4.—Diffusion Parameters for Prediction of 
Hourly Mean Concentrations from the 355 Ft. 
Test Stack 


The n, Cy, and C, Values Used with the Sutton 
Equation Are Shown. No Values Are Included 
for the A and D Gustiness Classes, Because 


Neither Is Properly Described by the Equation. 


Gustiness, 
Classification 
2 


Bi 


ues of n, Cy, and C, have been used to pre- 
pare the ground-level concentration pat- 
terns given in Figures 2, 3, and 4. It 
should be noted that only half of the full 
horizontal plot is shown and that the 
scale of the y direction is exaggerated for 
clarity. 

Comparison of the B, plot with the actual 


data (Tables 2a and 2h) shows that some 
revision is needed. The distance of the pre- 
dicted maximum is nearly correct for the 
0-8.9 m. sec.? wind group, but the value 
of 0.226 seems high. However, it must 
be admitted that it is extremely difficult 
to locate a sampler at the exact position 
of the maximum, and the value is prob- 
ably nearly correct. It is quite evident 
that the prediction underestimates the 
distance of the maximum with winds > 
9.0 m. sec.1, and here also the predicted 
maximum is somewhat above that shown 
by the actual data. The set of parameters 
gives a good indication of the limits of 
the plume, as defined by 10% of the pre- 
dicted centerline concentration. Table 3 
shows the comparison between plume 
boundaries, obtained from filters and 
traverses, and the computed values. 
Taken together, the data indicate a need 
for a revision in the PB, classification, as 
well as some alteration of the values of 
the parameters. The existing B, class 
clearly includes too wide a range of dis- 
persion conditions. 

Even though it is impossible to sub- 
stantiate directly the reliability of the Be 
and C predictions, an examination of 
Figures 2 and 4 shows the qualitative 
differences from the B, case. The maxi- 
mum concentration is found close to the 


B, GUSTINESS 


ALL DATA IN UNITS 


or 
Q 


(27) 


ISOLINES OF GROUND-LEVEL CONCENTRATION 


2. Isolines of ground- 
level concentration—Be 
gustiness. Horizontal plot 
of ground-level concen- 
trations computed from 
the Sutton equation with 
n, Cy, and C, values for 
32 case derived at Brook- 
haven. (Neg. 5-283-5.) 
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source in the Bs case, and the value of 
0.270 is the highest observed. The C case, 
on the other hand, is accompanied by a 
lower maximum value of 0.148 at a 
of 2.0 km. In practice, the 
graduation from high maximum mean 
concentrations with Bs condition to lower 
values with the C case is accentuated by 
the fact that the typical wind speeds 
increase in the same order. 

Some mention should be made of the 
A gustiness at this point. It is impossible 
to define a suitable estimate of a mean 


distance 


concentration distribution, since the case 
is characterized by extreme variability of 
the light wind flow. All that can be ac- 
complished is a description of the peak 
concentrations observed. 


Short-Period Maxima 


Although long-term mean data are ade- 
quate for many problems at this site, the 
interest of others is often directed to the 
short-term peak values. The tests in 
which the photometric densitometers 
have been used provide reliable records 


ISOLINES OF GROUND-LEVEL 
B, GUSTINESS 


ALL DATA IN UNITS 


oF 


@ «© MAX (.226) 


CONCENTRATION 


3. Isolines of ground- 
level concentrations—B; 
gustiness. Horizontal plot 
of ground-level concen- 
trations computed from 
the Sutton equation with 
n, Cy, and C, values for 
B, case derived at Brook- 
haven. (Neg. 5-282-5.) 


C GUSTINESS 


ALL DATA IN UNITS 
or Aunt 


@ + MAx (.148) 


ISOLINES OF GROUND-LEVEL CONCENTRATION 


4. Isolines of ground- 
level concentrations—C 
gustiness. Horizontal plot 
of ground-level concen- 
trations computed from 
the Sutton equation with 
n, Cy, and Cy values for 
C case derived at Brook- 
haven. (Neg. 5-281-5.) 
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of fluctuations as short as five seconds’ 
duration. It would be possible to prepare 
sets of parameters for Equation (1) to 
predict the maximum values for any de- 
sired time period. However, ratios of the 
short-term maxima to the long-term 
means are simpler to compute and equally 
suitable for most purposes. 

As in the earlier portion of this anal- 
ysis, it is possible to give a reasonably 
complete summary of the B, gustiness 
class but only a rough approximation for 


distance but without regard to other fac- 
tors emphasizes the characteristics of 
dispersion associated with the gustiness 
classes. In Table 6 it is easily seen that 
the peak concentrations are exclusively 
associated with Be gustiness close to the 
source and B,; conditions in the interme- 
diate distance range. At distances beyond 
5.5 km. the C gustiness predominates. 
The D-B, class is a transitional type dis- 
cussed in a later section. The order of 
progression with increasing distance cer- 


TaBLe 5.—Average Ratios of Peak to Time-Mean Concentrations 


In the Brookhaven Work, Short-Period Concentrations Are Usually Treated as Deviations from the 


Distance 


Gustiness, Source, 


Long-Term Values. The Observed Ratios Are Shown. 


Ratios of Peaks to Mean 
from Concentration for Complete Test 


“a Min. 
' .5 to 2.0 7.9 
B, 2.1 to 5.5 

Cc 

Bs 


4 Min. 
5.0 


12 Min. 
3.1 


3.6 2.1 
19 14 
4.0 3.1 


Notes: (a) The observed individual ratios in the five-second B, cases ranged from 29.8 to 2.8. 
(b) No data are included for the A gustiness type because of the wind fluctuations and inability to select an appropriate 


location for extended observation. 


the Be and C groups. From the visual 
appearance of the three types of disper- 
sion and recognition of the predominance 
of large convective eddies in the Be cases, 
one would anticipate that the large ratios 
would accompany this condition and that 
the C group would show the smallest. 
That the data shown in Table 5 do not 
fulfill is probably a 
reflection of the inadequate number of 
Be tests. 


this expectation 


The decrease of the ratios with distance 
in the B, condition is an interesting fea- 
ture. It may reflect the more complete 
mixing of the effluent with increasing 
distance; it may also be concerned with 
the inadequacy of the classification itself. 
No positive answer can be given at 
present. 

In addition to the ratios of short-period 
maxima to long-term means, an indication 
of the absolute that 


Pres- 


maximum values 
have been observed is of interest. 


entation of these data as a function of 


TasB_Le 6.—Variation of Peak Concentrations with 
Distance 


The Absolute Maximum Five-Second and One- 
Minute Concentrations Are Shown as a Function of 
Distance. The Relation of the Gustiness Classes 
to the Peak Values Is Noteworthy. 


2225 


* Data have been selected from the records to suggest the 
envelope of the probable over-all maxima. 


tainly should be A, Bo, By, and C, and 
it is believed a matter of chance that an 
A case does not appear among the abso- 
lute maximum values. 
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| 
Measure 
ments 
Used, 
= 
18 14 
7 
3 
2.1 3 
Peak Concentrations,* 
Distance _x uh? 
from 
Source,  Gustiness, Test 
1 Min. Type No. 
23 
B: 23 
1.000 B: 51-11 
1.621 B, 
B, 22 ; 
0.814 B, 50-3 
0.501 B, 5-19 
0.690 B, 50-3 
1.069 B, 54-6 
0.387 B, 54-21 
0.374 B, 50-3 
0.400 B, 51-2 
0.254 0.246 B, 51-2 
0.318 0.303 Cc 514 
0.156 D-B, ll 
0.152 0.145 Cc-D 51-5 
0.049 D-B, ll 
s 
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A similar presentation of the time-mean 
concentrations is given in Table 7 to com- 
plete the study of absolute maximum 
values. In this analysis also, the lack of 
a Be case close to the source probably 
reflects chance and inadequate data. 


TaBLeE 7.—Variation of Maximum 


Time-M ean 
Concentrations 


with Distance 
The 


Except 


Presentation Is a Duplicate of Table 6, 
That Long-Term Instead of Short-Term 
Values Are Shown. 


Time-Mean* 
Conceniration, 
x uh? 


Distance 


Gustiness, 
Q Type 
0.038 B, 
0.120 B, 
0.083 
0.137 
0.151 
0.132 
0.238 
0.102 
0.157 
0.090 
0.100 
0.041 
0.107 
0.067 
0.117 
0.095 


a 
2 

~ 


* Only tests of at least 30-minute duration are used. 


Persistence of Effluent at Sampling 
Points 


The data presented in preceding sec- 
tions have indicated that the typical 
process of dispersion during the daytime 
cannot be completely described in terms 
of hourly mean concentrations, since the 
effluent moves past a fixed sampler in a 
series of puffs or eddies. An analysis of 
maximum concentration values has been 
used as an additional measure. Another 
study of interest is the percentage of 
time that effluent is found at given sam- 
pling points. This is presented in Table 
8, in which the B, and C data are listed 
in order of increasing distance, and the 
corresponding mean wind speeds 
added for comparative purposes. The 
tabulation for the B,; case shows no con- 
clusive relation with either wind speed 
or distance, although one might have an- 
ticipated the latter effect on the assump- 
tion of more complete mixing of the 
effluent further from the source. The 
lack of such a relationship probably re- 
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are 


flects the major importance of the large 
long-period eddies in controlling the po- 
sition of the entire plume with reference 
to all stations within 10 km. 


TaBLe 8—Per Cent of Time Effluent Present at 
Sampler* During Tests > Thirty Minutes 


The Effluent in Lapse Conditions Is Seldom 
Present Sontinuously at a Sampling Location. 
The Table Gives Observed Percentales for the 
Bi and C Classes. 


B, Gustiness 

Distance, Time Oil-Fog Wind Speed, 

Present, m. Sec. 
Per Cent 


Gustiness 
Time Oil-Fog 
Present, 


Wind Speed, 
Per Cent 
100 


Distance, 
Km 
4.0 
5.7 73 
6.3 100 


* All units within +5 degrees of indicated centerline. 


The three cases representing the C 
gustiness are included because it is be- 
lieved that they are typical, even though 
it is not possible to offer statistical proof. 
The long-period eddies appear to be less 
prominent under these conditions, and 
one would expect relatively continuous 
concentrations at points near the plume 
centerline. With similar reasoning, the 
Be condition should show a low percentage, 
but the data are inadequate to warrant 
any firm conclusion. 


Dispersion Under Stable Conditions 


Special mention must be made of the 
ID gustiness class, since concentration 
data are not presented. The reason for 
this is that effluent from the test stack 
remains aloft during temperature inver- 


Test 
from No. 
Source, Test 
km. No. a7 69 3.5 50-6 
0.70 54-2 61 4.0 22 
0.75 5H 81 3.5 50-6 
0.77 22 86 8.5 50-3 
0.80 53-2 44 5.0 54-15 
1.00 50-3 91 6.0 54-19 
1.10 52-1 5.5 50-9 
1.30 54-3 74 10.0 54-16 
1.50 4-6 5s 10.5 
1.90 54-21 96 8.7 54-21 
2.30 52-2 57 10.5 54-8 
2.50 52-6 93 8.5 50-3 
4.00 52-3 Hy 80 51-1 
5.00 51-2 91 3.5 50-6 
5.10 47 8.0 51-1 
5.70 83 50-9 
6.20 51-5 Mean 73% 
Test 
No. 
15 
8.5 51-4 
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sions, and a fully satisfactory method of 


obtaining measurements has 


perfected. 


not been 
The lack of data does not sug- 
gest that the case is unimportant. If the 
point of emission were below the general 
level of the terrain, the D condition would 
become a matter of vital interest, since 
the concentrations within the plume re- 
main greater than in any other case, and 
the frequency of occurrence is high (40% 
of all hours). the photo- 
graphic and visual observations are sum- 
marized. 

The effluent plumes have been followed 
with vehicles and aircraft to distances as 
great as 25 miles; yet oil-fog has never 
been detected at ground level while an 
inversion was present. The oil-fog dis- 
perses in the shape of a narrow cone 
close to the stack, gradually widening 


Therefore, 


2 


| 
| 
| 
| 


5. Inversion oil-fog plume—Brookhaven 


horizontally but not vertically as it moves 
downwind until it assumes the appear- 
ance of a flat sheet at great distance. 
Two distinct forms of inversion plumes 
have detected. In the one 
long-period horizontal eddies give the 
trail 


been case, 
the appearance of a meandering 
In the other, the meandering is 
and the trail makes a_ simple 
wedge-shaped form. Many estimates of 
the width of the trail leave little doubt 
that the commonest horizontal angle at 
which the lateral dimension of the trail 
expands is 3 degrees. 


river. 
absent, 


Transitional Conditions 


No description of pollution from the 
test stack would be complete without 
some reference to transitional periods. 
Changes from one gustiness class to an- 


re 


test stack. The photograph was taken just 


prior to the change from an inversion to a lapse condition, but the trail is still typical of 


the D gustiness. (Neg. 3-71-9.) 
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ent plume is now typical of the A gustiness. (Neg. 3-67-9.) 


other are normally 
terms of concentration 


uncomplicated in 
values. However, 
the transition from stable to unstable con- 
ditions, or vice versa, is often noteworthy. 
The breakdown of a well-established D 
gustiness into an A, Bs, or By, classifica- 
tion is often productive of high ground- 
level concentrations. Close to the tower, 
these peak values are similar to those of 
the A or Be class, but at greater dis- 
tances the values are usually higher than 
are ever found otherwise. This is because 
they result from a sudden overturning of 
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the highly concentrated inversion plume. 
The peak values given for 6.00 and 13.00 
km. in Table 6 were obtained during such 
cases, and the 13.00 km. measurement is 
the most distant ever made in the entire 
test series. This overturning, or fumiga- 
tion, seldom occurs with wind speeds 
above 6 m/sec.? and normally does not 
last for more than 30 minutes. Figures 5 
and 6 show the appearance of the plume 
before and after such a fumigation. 

The change from lapse to inversion 
conditions may also give rise to unusual 


er 
| 
= 
6. Lapse oil-fog plume—Brookhaven test stack. This photograph was taken about 30 minutes 
after Figure 5.. The inversion has been replaced by a lapse temperature structure, and the efflu- 
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TABLE 9.—Pertinent Data, Major Oil-Fog Test Runs 


Background Information Is Presented for the Thirty-Seven Tests Constituting the Major Portion of 


the Quantitative Data. 


Length 
Starting of 
Test Time, Run, Dir 
No. Date EST Min. Deg. 
7 1/14/49 290 
ll 3/ 3/49 0652 79 315 


§ 4/ 7/52 
52-4 3/ 7/52 1432 RS 330 
52-6 4/17/52 0900 148 
53-2 12/ 2/53 1037 71 330 
53-3 12/ 3/53 1059 7l 400 
1/ 7/54 1037 300 
54-2 1/26/54 1352 60 207 
54-3 2/ 5/54 1345 59 288 
54-6 3 16/54 1330 140 315 
54-7 4/ 2/54 1000 90 210 
54-8 4/ 6/54 1305 180 200 
54-10 5/ 5/54 345 
4-11 6/ 2/54 1200 75 110 
54-15 7/23/54 O915 138 345 
54-16 6/54 150 $41 
54-17 8/18/54 375 
54-19 ll/ 9/54 1410 125 $20 
54 11/11/54 1300 180 226 


concentration measurements. In_ this 
transition, effluent from a lapse condition 
may be trapped in an inversion layer 
forming near the ground, with the result 
that the concentration remains nearly 
constant in a small area for one hour or 
more. The values of such concentrations 
are not necessarily high; only the dura- 
tion is unusual. 


Conclusions 

The foregoing analysis has given a 
relatively complete survey of dispersion 
patterns from a specific, elevated point 
source. The quantitative data, though 
incomplete, suffice to show that an or- 
derly gradation of dispersion conditions 
exists and that a generally acceptable 
prediction of the ground-level concentra- 


Mean Wind 


* Equipment: D— Photometric Densitometer; F—Filter units; 


Rate of Lapse Gusti- 
Speed, Emission, Equip- Rate, ness 
m. Sec.—' Gm./Sec. ment* Type 
7.0 43.5 Db 0.0 Cc 
26.8 dD +2.0 
5 Cc 


B 
B 
B 
B, 
4.5 43.0 D-T —1.2 B, 
6.0 45.0 D-T B 
48.1 D-T —1.4 B, 
10.5 41.0 F,D —1.7 B, 
1.5 46.0 F.D —1.3 A 
10.0 42.0 F,D —1.5 B, 
43.0 F —14 B 
11.0 41.0 F.D-' —1.6 B, 
10.5 42.0 F,D —18 B 
11.0 42.0 F -19 B 
10.5 40.0 D —0.9 B, 
78 44.0 D —2.3 B, 
7.5 39.0 F —1.0 B: 
5.0 41.0 —2.3 B, 
10.0 44.0 dD —1.7 B, 
7 43.5 D —1.5 B; 
6.0 36.0 —O0.8 B 
7 31.0 F,D —1.4 B 


-T— Densitometer Traverse. 


tions can be achieved during lapse con- 
ditions. The qualitative measurements 
made under inversions indicate that con- 
centrations can be predicted in this case 
also. 

The gustiness classification developed 
in the earlier phases of the work at 
Brookhaven correctly separates the major 
types of dispersion but needs considerable 
improvement. In particular, the B, cate- 
gory includes too wide a variety of con- 
ditions. Additional classification criteria 
are needed, very probably including some 
reflection of the importance of eddies of 
different periods. More complete and 
more accurate field data are required for 
revision of the classification and for the 
establishment of new values for disper- 
sion parameters. 
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15 3/14/49 1640 4) 211 a 
22 5/13/49 1418 52 145 4.0 24.4 D 1.2 B, 
30 &/ 9/49 O449 170 272 5.0 38.1 D —1.0 D-B, 
50-1 8/ 8/50 1401 87 275 3.5 48.5 D —13 B, 
50-3 9/15/50 1343 7 212 RS Var D —0.7 B, 
iOe4 9/18/50 0920 82 Var. 1.0 34.0 D —13 A 
50-5 9/20/50 1223 87 O55 54 33.0 D —13 B, 
50-6 10/ 2/50 1347 134 150 3.8 34.7 D —1.2 B, : 
50-7 10/ 5/50 1048 42 177 58 31.4 D —20 B, 
50-9 10/31/50 1400 110 $25 5.5 42.3 D —1.6 B 
5l-1 * 1/26/51 1307 &3 300 8.0 36.1 D —17 B 
51-3 3/ 6/51 0644 164 Var. 0.5 37.0 D +50 D-A 
3/27/51 1806 72 195 32.5 dD —0.1 
51-5 4/24/51 1825 66 174 ; 
51-9 10/25/51 1518 54 OA 
51-11 11/21/51 1440 42 285 
52-1 1/16/52 1425 95 320 
52-2 1/24/52 1400 90 290 


A. 


The tests show that the most suitable 
type of field sampling includes a large 
number of accurate devices operated sim- 
ultaneously. Methods that do not permit 
evaluation of pertinent data, such as 
plume centerline locations, from the field 
data may give rise to serious errors. 

The importance of time in such an- 
alyses is emphasized by the relationships 
presented. It is apparent from the wide 
variations observed that the results of 
any field experiments will be a function 
of time, at least up to periods of one hour. 

The current meteorological research 
program at Brookhaven is based on these 
conclusions, and many of the deficiencies 
of the earlier work are being eliminated. 
However, this program can produce re- 
sults for only one site, and similar work 
in other localities is needed for a more 
complete understanding of atmospheric 
dispersion. 

It must be apparent that this paper summarizes 
the efforts of 1 number of persons rather than that 
of one person. Of the present and past members 
of the Meteorology Group, the late Norman R. 
3eers deserves foremost credit for conceiving the 
original Philip H. 
and Irving A. Singer have made major 
contributions in the development of the program 
and analysis of data. 


installation and program. 


Lowry 


The original instrumental 
work and basic sampling techniques are largely 
credited to Daniel A. Mazzarella, and the develop- 
ment and perfection of them have been carried on 
by Robert M. Brown and Frederick FE. Bartlett. 
George Potts has assisted in many aspects of both 
the field sampling and the 
present members of the U. 


analysis. Past and 
S. Weather Bureau 
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Ottice, Upton, N. Y., have contributed generously 
in the conduct of the field tests. In the preparation 
of this paper, Mr. Bartlett, June Crane, and Car- 
olyn Smith have given invaluable assistance. 
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Inhalation of radon and its daughter 
products constitutes the most important 
radiation hazard involved in the mining 
of uranium ores. 
livered 


The radiation dose de- 
to the lungs as the result of 
inhalation of radon alone is negligible 
compared with the dose resulting from 
inhalation of the same amount of radon 
together with all of its daughters.* Radon 
is a gas having a 3.8-day half-life, while 
its daughters are not gaseous and their 
half-lives are much shorter (Table 1). A 


TaBLe |.—Properties of Radon and Its Daughters 


Energy, 
Mev 


Isotope 
Rn (Rn ***) 
Ra A (Po *'*) 
Ra B (Pb 
Ra C (Bi *'*) 
Ra C’ (Po 


Emission Half-Life 
3.8 days 
3.1 min. 
26.8 min. 
19.7 min. 
2.5X10-* min. 


Alpha 
Alpha 
Beta 
Beta 
Alpha 


substantial fraction of the inhaled gas is 
expelled in breathing before it can decay. 
On the other hand, a _ relatively large 
fraction of the inhaled daughter elements 
is retained in the lungs and decays there. 
Since the relative biological effectiveness 
of beta particles is small as compared 
with alpha particles, those daughters 
which decay by beta emission contribute 
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only a small part of the total radiation 
dose. .s a result, our main concern is 
with the alpha emissions from Ra A and 
Ra C’. 

Atmospheric radon concentrations as 
high as 10°ne per cubic centimeter are 
not rare in uranium mines, and concentra- 
tions of 10%pc per cubic centimeter are 
found in metal (nonuranium) mines of 
the United States... A maximum permis- 
sible concentration of 10°ue per cubic 
centimeter has been suggested as safe for 
continuous This suggested 
standard is based on the assumption that 


exposure.” 


all the radon daughters are present in the 
atmosphere in concentrations reflecting 
radioactive equilibrium with the parent 
gas.¥ 

Theoretical considerations indicated that 
ventilation of a uranium mine would 
cause the daughter concentrations to be 
much reduced below their equilibrium 
values, considering radon as_ parent.‘ 
Since the significant radiation dose to the 
lungs of a miner results from the alpha 
emissions of Ra A and Ra C’, the actual 
hazard in a ventilated mine would be 
significantly lower than the hazard esti- 
mated on the basis of the observed radon 
concentration the assumption of 
equilibrium daughter concentrations. In 
order to provide for sound and econom- 
ical control of the inhalation hazard in 
the uranium mining industry, it was 
therefore necessary to evaluate the actual 
hazard in terms of measured atmospheric 


and 


+ If in an atmosphere radon and its daughters 
occur equilibrium then the 
activity of any one of the daughters (measured as 
microcuries per cubic centimeter) is equal to the 
activity of the radon present. 


concentrations, 
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daughter concentrations, and advisable 
to develop a control standard in terms of 
direct measurements of the 
activities. 


daughter 


Evaluation of the Inhalation Hazard 


Alpha Decay Analysis.—The first experi- 
ments were designed to develop a method 
for measuring the individual atmospheric 
concentrations of the daughter elements. 
In brief, the method involved mathe- 
matical analysis of the observed alpha 
decay curve from a filter-paper sample 
of the atmosphere. Depending on the 
relative atmospheric daughter concentra- 
tions, such decay curves are significantly 
different in shape during the first 45 
minutes after the completion of sampling. 
They become quite similar after about 
an hour of decay (Fig. 1). 
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Fig. 1.—Observed alpha decay curve: Sample 5. 


Any specific set of atmospheric daugh- 
ter concentrations results in only one 
possible set of initial numbers for decay 
on the filter paper after sampling is com- 
pleted. This, in turn, implies only one 
possible observed alpha decay curve. A 
general equation for the family of all 
possible alpha decay curves was derived 
on the basis of the known constituents 
and decay constants. It was then possible 
to use alpha activities observed during the 
first 45 minutes after sampling in order 
to solve the general equation for the 
initial numbers of the daughter elements 
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present on the filter paper at the end of 
the sampling period. The individual at- 
mospheric daughter concentrations were 
then obtained from these initial numbers. 
This method 
detail.® 


is described elsewhere in 


The laboratory source of radon and its 
daughters was a closed box, 145 liters in 
volume, containing a quantity of rich 
uranium ore and equipped with stoppered 
holes to permit the introduction of sam- 
pling equipment and the return of the 
exhaust air from the sampling device. 
\tmospheric samples were collected by 
drawing a specific amount of air from 
the radon box through a millipore filter 
paper of | in. diameter by use of a hand- 
cranked pump. After sampling, the filter 
paper was immediately removed from its 
holder and placed in a methane flow 
proportional counter. An alpha decay 
curve was then developed over a period 
of about an hour. The gas radon is, of 
course, not retained on filter papers, and 
the foregoing method yields only the at- 
mospheric concentrations of the daugh- 
ters. 

Figure 1 illustrates the type of data 
obtained. Curve A is an observed alpha 
decay curve. As shown, calculations 
based on the observed activities indicated, 
that if Ra A is considered as the parent 
isotope, then Ra B and Ra C were present 
in atmospheric concentrations represent- 
ing only 26% and 21%, respectively, of 
their possible equilibrium  concentra- 
tions.— Curve B was calculated to illus- 
trate the course of alpha decay, which 
would have had RaB 
and Ra C been present in the atmosphere 
in equilibrium concentrations. 


been observed 


The foregoing experiment was repeated 

tAs radon is not collected on the filter paper, 
it is necessary here to consider Ra A as the parent 
member of the chain so as to express the daughter 
concentrations as equilibrium fractions. In the field 
studies radon concentrations were determined in- 
dependently, and all the daughter concentrations 
could be expressed in relation to radon as the 
parent element. 
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a number of times in the laboratory in 
order to perfect the technique for field 
use. It was desirable, however, to carry 
out a second set of experiments as an 
independent test of the reliability of the 
decay analysis method, as it was intended 
that this method would be used in basic 
studies of radiation dosage and control of 
Accord- 
ingly, the following laboratory experiment 
was devised and carried out to serve this 
purpose. 

Alpha Pulse Amplitude Analysis.—It was 
desired to determine the individual alpha 
activities of Ra A and Ra C’ from a single 
atmospheric sample. From this informa- 
tion the relative concentrations of Ra A, 
Ra B, and RaC could be derived and 
compared with the same data obtained by 
the alpha decay method from a second 
sample taken simultaneously. In view of 
the markedly different energies possessed 
by the alpha particles emitted during 
decay of RaA and RaC’ (6.00 and 7.68 
mev, respectively) and because of the rel- 
atively short half-life of RaA, alpha 
pulse amplitude analysis of atmospheric 
samples appeared to be the most practical 
and direct means of obtaining the desired 
information. 


hazards in the uranium mines. 


Atmospheric samples of the daughters 
of radon were collected from the pre- 
viously described radon box on 1 in. 
diameter copper planchets by use of an 
electrostatic precipitator of recent de- 
sign. By this means it was possible to 
collect a very thin sample (usually not 
visible to the eye), thereby minimizing 
the effects of self-absorption. At the com- 
pletion of the five-minute sampling period 
one planchet was counted as usual by 
a fellow worker in the proportional 
counter, and its alpha decay curve de- 
veloped. 

A second planchet was at once taken 
from the sampler and placed in a scintil- 
lation counter. Figure 2 is a schematic 
diagram of this assembly. The planchet 
was separated from a thallium-activated 
sodium iodide crystal by a thin Lucite 
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collimator which had a set of % in. holes. 
Scintillations produced in the polished 
crystal passed through an accurately 
ground, polished Lucite mounting lens 
and into a photomultiplier tube. A black 
cylindrical shell fitted over this entire 
assembly to form a light-tight housing. 

After photomultiplication, the pulses 
were transmitted to an_ oscilloscope, 
whose controls were set to permit deflec- 
tions in the Y-direction only. The driven 
sweep mode of operation and the highest 
available accelerating 10. kv., 
were used. A cross sectioned grid was 


voltage, 


used in front of the oscilloscope screen. 
This permitted photographing a_back- 
ground scale while recording the pulse 
amplitudes, and made subsequent meas- 
urement of the pulse amplitudes a simple 
matter. 


PLANCHET WITH SAMPLE 
LUCITE COLLIMATOR 


wel CRYSTAL —.y 


OV 
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? 


Fig. 2—Crystal sample assembly. 


The resulting pulse amplitudes were 
photographed from _ the 
screen by use of a continuous motion 
camera. The shutter of the camera re- 
mained open during an entire film run, 
making it possible to record all events 
which occurred during this period. The 
camera accommodated a 100 ft. roll of 
35 mm. film (Eastman Kodak Linagraph 
Ortho film was used), which could be 
exposed at any desired speed of travel 
past the screen between 
limits of 1 in. per minute and 5 ft. per 
second. Film speeds of about 7 ft. per 
minute were used. 

The exposed film strips were developed, 
projected on a large screen, and the am- 
plitude of each pulse was recorded. The 
distribution of pulse amplitudes was then 
plotted for each film run. 

Alpha particles emitted by radium (4.79 
mev) were used to calibrate the equip- 
ment. For this purpose the radium sam- 
ple was prepared by evaporation of a few 


oscilloscope 


oscilloscope 
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Fig. 3.—Typical pulse 
amplitude record. 


drops of a radium salt solution on a 
standard copper planchet. 

Figure 3 is an enlarged photograph of 
a typical section of exposed film. The 
four longest pulses are due to the alpha 
RaC’, and the group of 
pulses next in length reflects decay of 


emissions of 
Ra A by alpha emission. The average 
lengths of these two groups of pulses are 
in near-direct proportion to the known 
energies of the alpha particles emitted by 
RaA and RaC’. The two short pulses 
are due to high-energy beta emissions 
from RaC, lower-energy events having 
been eliminated from the film record by 
discrimination in the oscilloscope. 
Figures 4 and 5 are typical pulse ampli- 
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tude distributions obtained from a single 
sample. As can be seen, satisfactory 
resolution of the Ra A and RaC’ peaks 
was obtained. The RaA 
served at the two decay times (2.13 and 


activities ob- 


988 minutes after completion of sam- 
pling) indicate a half-life for RaA_ of 
3.12 minutes, in good agreement with the 
known value. The relative concentrations 
of Ra A, Ra B, and Ra C were calculated 
from the pulse amplitude distribution 
data and compared with relative concen- 
trations derived from the simultaneously 
obtained decay curve sample. 

The degree of resolution between the 
Ra A and RaC’ distributions is affected 
by the condition of the Na I-T1 crystal, 
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4 Fig. 5.—Pulse amplitude distributions: Sample 
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sample thickness, and collimation. Cloud- 
ing of the crystal due to absorption of 
atmospheric will 
resolution; hence it must be prevented. 
The atmosphere in the Utah laboratory 
was dry, and this was no major problem. 
Elsewhere a dry box or a dehumidified 
laboratory might be necessary. Collected 
samples must be quite thin, lest self- 
absorption 


moisture cause poor 


lead to poor resolution. 
Although used primarily to prevent con- 
tamination of the crystal, the Lucite 
collimator aided good resolution and pre- 
vented edge effects in the crystal. 

The foregoing experiment was repeated 
a number of times. In all cases agreement 
between equilibrium fractions obtained 
by both methods was quite good. Having 
confirmed the reliability of the alpha 
decay analysis method, plans were made 
for field studies in the uranium mines. 


Control of the Inhalation Hazard 
Ventilation.—Before ventilation could be 
advised as a general measure for practical 
control of the inhalation hazard in ura- 
nium mines, it was necessary to develop 
a satisfactory means of estimating re- 
quired rates of air turnover and the 
extent of beneficial effects. Theoretical 
expressions were developed for this pur- 
pose, and field experiments were carried 
out to test the validity of the theory. 
Details of the theory and field experi- 
ments have been reported elsewhere.* 

The atmospheric radon concentration 
in a particular section, or drift, of a ven- 
tilated uranium mine is dependent upon 
the following major processes: Radon is 
liberated as a gas from the surrounding 
ore body at an essentially steady rate; 
it decays according to its known half- 
life, and some of it is removed from the 
mine section by the outgoing air stream. 
The daughter elements are formed in the 
air through decay of the atmospheric 
radon. They decay according to their 
respective half-lives and are also removed 
by the outgoing stream of air. A system 
of differential equations was developed 


to describe the operation of these factors ; 
its solutions expressed the atmospheric 
concentrations of radon and each of its 
daughters as functions of the rate and 
duration of ventilation. It was then pos- 
sible to predict the effects of ventilation 
control therefore to 
estimate the amount of ventilation needed 


as a measure and 
in a specific case to reduce the radiation 
dosage to any desired level. The theory 
indicated that ventilation 
wide departures from 
condition. It 


would cause 
the equilibrium 
that the 
mine should be 
ventilated for a period of about an hour 
before personnel enter the mine to begin 
work. 


further 
working section of a 


showed 


The theoretical developments were well 
supported by the field study. There was 
good agreement between predicted and 
observed atmospheric concentrations of 
radon and its daughters at all rates of 
ventilation studied. At the highest rate 
of ventilation used (one air change about 
every three minutes), the atmospheric 
radon concentration was reduced from the 
unventilated condition by a factor of 200; 
the Ra A, Ra Ts, and 
Ra C were reduced by factors of 1000, 
2500, and 2500, respectively. Ventilation 
was therefore shown to be a very eftec- 
tive means of controlling the inhalation 
hazard in a uranium mine. 

For the highest rate of ventilation stud- 
ied, the resulting observed atmospheric 
concentrations of radon, Ra A, Ra B, and 
Ra C were 58 pe, 4 upc, and 2 
per liter, respectively. Using Morgan’s § 
equation (1) for calculations of radiation 
dosage, it can be shown that the actual 
radiation dose calculated on the basis of 
these concentrations is only 7% of the 
dose calculated on the basis of the as- 
sumption that all the daughters are 
present at their equilibrium concentra- 
tions (S8yupe per liter). In another sense, 
the actual radiation dose in this observed 


concentrations of 


§ Morgan, K. Z.: Maximum Permissible Con- 
centration of Radon in the air: Unpublished 
data. 
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case is less than half of the dose calcu- 
lated on the basis of the suggested maxi- 
mum permissible concentration of radon 
(10ppe per liter) and the assumption of 
equilibrium daughter concentrations. It 
therefore appears clear that control of 
the inhalation hazard in the uranium 
mining industry should be based upon 
observed daughter activities rather than 
upon observed radon concentration. 

Air Cleaning.—Ventilation with outside 
air may be very expensive in extensive 
mines, and some acceptable means of 
minimizing the costs of control of the 
inhalation hazard is most desirable. Ac- 
cordingly, other workers at the Occupa- 
tional Health Field Station of the 
Public Health Service, Salt Lake City, Utah, 
are investigating the use of air cleaners 
as a control measure.|| The mine air is 
continuously through the 
cleaner, which removes some of the con- 
taminants during each pass. Theoretical 
considerations can provide useful infor- 


recirculated 


mation regarding the benefits to be antic- 
ipated from air cleaning. 

Let_a denote the rate of air flow through 
the cleaner in cubic feet per minute, and 
let m be the efficiency of the cleaner for 
removal of the i member of the radioactive 
series (OXSmi<1.00). 
air cleaner for which a and y are essentially 
constant (or the product, @ ;, is constant), 
then the atmospheric concentrations of 


If we postulate an 


radon and each of its daughters can be 
predicted by the same equations as those 
which describe the effects of ventilation.* 
The only difference between the two 
cases involves the physical interpretation 
of the constant which describes the re- 
moval process. This will be shown in 
detail below. 

Analysis for the maximum attainable 
benefits of air cleaning provides the 


desired information. Equation (10) of 


|| Holaday, D. A.: Personal communication to 
the author. 
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Reference 4 states 

AN; (inf. ) = Aj 

MNi(inf.) CiC2....¢, 
where A; denotes the decay constant of the 
i" member; N, (inf.) is the number of 
atoms of the ;** member remaining in volume 
I” after ventilation at rate g cubic feet per 
minute for a long time, i-1 denotes radon 
as the first member of the series, and the 
removal process is described by the constant 


q 
V (2) 
Rearrangement of (1) leads to 


where Q, (inf.) is the atmospheric concen- 
tration of the it member after ventilation 
for a period long enough so that there is no 
further significant change with continued 
ventilation at the same rate. 

The limiting, or steady state, concentration 
of radon itself is given by 


P 
Qx(ini.) (4) 


which is Equation (6) of the reference on 
ventilation.* Here P; represents the rate, in 
atoms per minute, at which radon is enter- 
ing volume I” by escape from the surround- 
ing ore body. 

Equations (3) and (4) apply equally well 
in the case of air cleaning if one uses the 
relation 


(5) 


Furthermore, 
Equations (3) and (4) are also correct for 
a combination of ventilation and air cleaning 


a=At+ 7m 


instead of Equation (2). 


if we let 


a 


a 
(6) 


A few examples will indicate the useful- 
ness of Equations (3) and (4) and demon- 
strate the benefits to be anticipated for air 
cleaning. lor this purpose we will use basic 


data derived from the field study on ventila- 
tion,* namely, 

P,=2.2 10" atoms/min. 

V=2.2X 10 cu. ft. 

as determined for the mine in southern Utah. 
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Equations (3) and (4) indicate that, if 
the mine drift in question were closed off 
from the main drift and atmospheric con- 
centrations were allowed to build up to their 
maximum possible levels (i.e., absolutely no 
ventilation or air cleaning), then the at- 
mospheric concentrations of radon and each 
of its daughters would build up to 159,000 
uc per liter. (Concentrations of this mag- 
nitude were not observed at the mine in 
question because of the presence of some 
natural ventilation. ) 

Consider now the effects of ventilation 


course, that the atmospheric concentra- 
tion of radon is considered to be unaf- 
fected by the air-cleaning process. On 
the other hand, Columns 6, 7, and 8 indi- 
cate that a combination of ventilation and 
air cleaning of this type might be of 
advantage if warranted by practical cir- 
cumstances. Air cleaning at rates of 10 
and 3 minutes per air change can signifi- 
cantly reduce atmospheric concentrations 
of the daughters below those which 
would occur with only ventilation at a 
rate of 50 minutes per air change. 


TABLE 2.—Effects of Ventilation and Air Cleaning 


q 
—=0 


Element 


110,000 
22,700 
5900 


vs. air cleaning. Table 2 indicates the mini- 
mum attainable atmospheric concentrations 
as computed by the use of Equations (3) 
and (4) for various conditions of ventila- 
The air 
cleaner is of the mechanical type (e.g., 
filters) which removes dust and the daugh- 
ters but does not remove any of the gas, 
radon. In other words, 

m—0 

72=3 1.00 

(Perfect removal of the daughters has been 
postulated in order to describe the best 
possible condition which could result from 


tion and air cleaning. assumed 


this type of air cleaning. ) 

Table 2 indicates that an air cleaner 
which fails to remove radon cannot ap- 
proach the effectiveness of ventilation as 
a control measure. For example, ventila- 
tion at a rate of an air change every 10 
minutes will bring about much greater 
removals than air cleaning at the same 
rate, as indicated in Columns 5 and 4, 
respectively. The reason for this is, of 


Qi (inf.), Micromicrocuries per Liter 


q q 
—=0.10 —=0.02 
Vv 


An air cleaner which will remove some 
radon as well as the daughter products 
would be much more beneficial than the 
type assumed above, as shown in Table 3. 
The results in this table are for P; and V, 
as before, no ventilation, an air turnover 


period of 10 minutes (Pp =0.10 per min- 


ute), and perfect daughter 


(n2=3=4= 1.00). 


removals 


Clearly, if air cleaning can be depended 
upon to remove radon, even with very 
poor efficiency, then the benefits will be 
considerable. (Note that for ,=0 the 
results would be identical with those of 
Column 4 of Table 2 and that for »,:=1.00 
the results would be identical with those 
of Column 5 of Table 2.) 

Preliminary experiments by Holaday’s 
group { indicate that the effects of air 
cleaning are approximately those which 


{ Holaday, D. A.: Personal communication to 
the author. 


q q q 
—=0.2 —=0.02 
Vv 
a a a a a a 
—=( —=0.10 —=0 —=(.10 —=0.33 
i V V v 
(1) 7 (2) (3) (4) (5) (6) (7) (8) ; 
Rn... 1 159,000 159,000 200 1000 1000 1000 
mA... 2 159,000 140 920 650 390 
Ra B___.- 3 159,000 30 520 120 30 
Ra 4 159,000 330 30 3 
| 
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Qi (inf.), Micromicrocuries per Liter 


Element i ni=0.02 ni=0.10 mi=0.50 
(1) (2) (3) (4) (5) (6) 
—_—-- 1 9400 1980 800 400 
2 6500 1370 550 280 
3 1340 280 120 60 
4 350 75 0 15 


are predicted by the theory. This group 
is now in process of completing field 
studies of the application of air cleaning 
in mines, and the results of these investi- 
gations will be reported at an early date. 
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Since the announcement of the self- 
sustaining nuclear chain reaction at the 
University of Chicago, Dec. 2, 1942, it 
has been obvious that a source of tre- 
mendous amounts of energy had been 
made available to mankind. Develop- 
ments in the field of useful, beneficial 
applications of this kind of energy have 
been carried on under government control 
in several countries. 

There are, however, many potential 
hazards to both people and property in 
this program. They include not only nor- 
mal industrial accident and occupational 
disease exposures but added problems 
related to radioactivity. Indemnification 
for injury or death of those employed in 
the operations, for damage to equipment 
and property directly involved, for injury 
or death to persons not connected with 
the projects, and for damage to property 
outside the problems, 
whether the nuclear energy program is 


operations are 
operated by governments or by private 
corporations. 

In the case of government operations 
such indemnification, whether for dam- 
aged plant facilities or for injury of em- 
ployees or the public, can be made from 
available public funds. Private industry, 
on the other hand, must be prepared 
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either to pay such losses from its own 
resources or to purchase insurance pro- 
tection. 

In the United States the Atomic En- 
ergy Act of 1946 created the Atomic 
Energy Commission and vested in this 
Commission full responsibility for all 
developments in the nuclear energy field. 
By its control over fissionable material 
the Commission 
nuclear 


exercised control over 
the United 
States. Private industry's participation in 
ths program was only through contracts 
with the Atomic Energy Commission. 

During this period the Federal Govern- 
ment assumed responsibility for all lia- 
bility for injury or damage resulting from 
any operations within the scope of the 
program. 


developments in 


Under this arrangement an excellent 
safety record has been compiled, particu- 
larly in the reactor program. It has been 
the result of giving safety high priority 
in both design and operation of nuclear 
reactors. 

The Atomic Energy Act of 1954 has 
opened to American private enterprise 
the opportunity to obtain fuels for nu- 
clear reactors to be used for research, 
testing, or power production under a 
lease arrangement. This program is to 
be carried on under certain Government 
control exercised through licensing. At 
the same time full responsibility for all 
liability for damage resulting from re- 
actor operations must be assumed by 
private industry. This is made eminently 
clear in Chapter 6, Section 53 of the 
Atomic Energy Act of 1954: “(8) The 
licensee will hold the United States and 
the Commission harmless from any dam- 
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ages resulting from the use or possession 
of special nuclear materials by the 
licensee.” 

This clause has led industry to examine 
its potential liabilities and to assess the 
kinds of insurance protection which 
would be needed. Since reactor failure 
might in circumstances cause 
severe losses, particularly in areas sur- 
rounding the reactor plant, many indus- 
trial groups interested in participating in 
the reactor program have felt that their 
potential liability may in some cases ex- 
ceed their resources. Thus, when such 
liabilities are removed from governments 
and assumed by private industry, a new 
problem—that of financial protection 
arises. 


certain 


As a result of this, segments of Amer- 
ican industry began to explore the possi- 
bilities of from insurance 
companies the financial protection against 


obtaining 


liability which they considered necessary. 

This search revealed a reticence on the 
part of insurance carriers to become in- 
volved in risks of such magnitude. This 
reticence was based on the fact that the 
liability limits requested were much 
higher than the industry had ever before 
been asked to provide; that legal limita- 
tions imposed on insurance carriers, rela- 
tive to liability limits on a single risk, 
precluded certain coverages for such high 
limits; that the insurance industry had 
little knowledge of what it was being 
asked to cover; that the entire private 
reactor program was, in fact, experimen- 
tal; that no assurance had been provided 
as to the development of standards of 
construction and operation of reactors, 
and that no specific approval and inspec- 
tion program had been set up. Consider- 
able progress is being made to overcome 
many of these objections. 

While the insurance industry appre- 
ciates industry’s reluctance to risk its 
entire corporate resources on a_ single 
project, it is no more anxious to risk its 
very existence on a single experimental 
industrial venture. 


All concerned realize 
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and accept the possibility, however re- 
mote, that extensive could be 
caused by failure of the reactor unit of 
a nuclear power plant, for example. The 
degree of hazard is related to reactor 
type, design, and construction, the loca- 
tion of the reactor in relation to people 
and property, and the caliber and attitude 
of both management and operating per- 
sonnel. 


losses 


During normal operation of a reactor 
there are few problems that seriously 
bother informed insurance underwriters. 
The impasse is reached in considering a 
major reactor failure and its effects not 
only on the reactor and operating person- 
nel but also on areas surrounding the 
plant. Such an accident may impose on 
the management of the company operat- 
ing the plant a liability of extensive 
proportions. The serious problems arise 
from possible large and unpredictable 
losses under the general heading of public 
liability. A serious accident could involve 
injury and death to people living and 
working in the area around the reactor 
operation as well as contamination of 
structures in the vicinity. Industry ap- 
pears to feel that such losses could be 
extremely large. Insurance against this 
type of loss is provided under policies 
which specify limits of liability which the 
insurer is willing to accept. These limits 
are related to many factors, but in any 
event are, at the present time, consider- 
ably less than these which industry ap- 
pears to want. 


The Reactor 

There have been many reactors oper- 
ated during the past few years by several 
different countries. They have compiled 
excellent safety records. There has been 
only one reported reactor failure, and the 
principal damage in this case was to the 
installation itself. The entire cost of this 
accident was borne by the government 
operating the reactor. Under private 
operation it would have been the respon- 
sibility of the operating company. 
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During the first few years of the period 
when many groups are involved in re- 
actor development, the possibility of acci- 
dents will be greatest. This is because 
much of the development will be experi- 
mental, and there are many unknowns in 
several phases of the reactor field. As 
knowledge and experience are gained, the 
risk will decrease. 

Under private operation then many fac- 
tors must be considered in evaluating the 
possibility of loss and potential cost of 
indemnification damage. These 
criteria must be applied to each reactor 
unit separately. They include the use to 
which the reactor is to be put, the re- 
actor type and design, location, amount 
of containment, quality of supervision 
and operating personnel, and safety pro- 
gram and inspection. 

Reactor Use.—At this stage of the pro- 
gram built the 
United States will probably be used either 
for research, for testing of materials, or 
for production of power. The degree of 
risk will depend in part upon which of 
these uses is to be made of a given re- 
actor. 


for 


privately reactors in 


Most research reactors contemplated at 
the present time are to be built by univer- 
sities and other research organizations 
for the joint purposes of undertaking 
nuclear research and training personnel 
in reactor design and operation. Such 
reactors will probably be relatively small. 
Because of the nature of their use they 
will, of course, be designed for extreme 
flexibility. In addition, they will be used 
by large numbers of persons, many of 
whom will have had no previous reactor 
experience. The safety of such reactors 
will depend more upon the quality and 
integrity of supervision than it will on 
design. Therefore, it is imperative that 
reactors of this type either should be lo- 
cated at remote points away from pop- 
ulated areas or should be completely con- 
tained. 

It is fairly obvious that remote location 
deterrent to of the 


effective 


use 


equipment. In a university, for example. 
it is essential that the installation be 
located in a place which is reasonably 
convenient for students’ use. It thus be- 
comes obvious that for a reactor of this 
type effective containment is a necessity. 

In addition to universities it is also 
contemplated that some hospitals will be 
interested in having small reactors lo- 
cated on their premises for medical re- 
search and possibly therapy. As in the 
case of university research reactors, su- 
pervision of operation of these units must 
be of the highest quality. In addition, 
because of their location, a medical unit 
should also be designed for complete con- 
tainment. 

Because of the small size of research 
reactors the amount of damage and con- 
tamination resulting from a reactor fail- 
ure would be limited. The nature of the 
operations and the relatively large num- 
bers of persons who might be working 
with them, however, increase the possi- 
bility of incidents occurring. Thus, from 
an insurance standpoint, reactors of this 
type will probably be scrutinized with 
great care. 

It is entirely probable that, under the 
program of reactor development by priv- 
ate industry in the United States, some 
companies will be interested in the pro- 
duction and operation of materials test- 
ing reactors to assist industry in its re- 
actor development program. There is at 
the present time no available information 
on private reactors of this type. If they 
should be proposed, they will have to be 
examined individually in the light of the 
various factors which will be discussed 
below. 

By far the greatest amount of interest 
today has been in the development of 
nuclear reactors for power purposes. 
Several designs have been proposed, and 
several companies or groups of com- 
panies will design and build such plants. 
In spite of the fact that these are to be 
full-scale reactors operated for the pur- 
pose of producing power, the entire pro- 
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gram can be considered as being experi- 
mental in nature. This is because many 
different kinds of reactors are to be built 
and operated with a view to determining 
the kinds of which 
practical and most economical for power 


reactors are most 
production. 

Such reactors will be considerably less 
flexible than research reactors and will 
probably be operated at more uniform 
power levels. In addition, the supervision 
and staff will be stabler 
limited in number. These factors will 
decrease the possibility of accidents. The 
severity of any incident which might 
occur could be much greater than in the 


and will be 


case of research reactors. 

Reactor Type.—Since the development of 
nuclear reactors is in its infancy, there 
have been many experimental types de- 
signed. There are unquestionably many 
other approaches which have not yet 
been explored. One of the purposes of 
private participation in the United States 
reactor program is to bring the viewpoint 
and ingenuity of industry into the pro- 
gram. 

The objectives in reactor design are 
to increase efficiency and decrease cost 
3y far the 
best protection against injury or damage 
is an inherently safe design. None of the 


(both initial and operating). 


types of reactors being proposed by in- 
dustrial groups today can be said to be 
inherently safe. are safer than 
others, and there is no question but that 
reactor design will be an important fac- 


tor in eliminating the possibility of re- 


Some 


actor failure. In cases where industry is 
requesting insurance, design will be an 
important consideration in determining 
whether a particular reactor is insurable. 

Reactor Location.—In addition to consid- 
ering the reactor, it is important to know 
in detail the potential exposure in terms 
of people and structures. The total in- 
demnification cost will be related to the 
reactor location in terms of population, 
adjacent industry, and value of surround- 
ing property. 
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One means of reducing losses through 
death, injury, physical damage, or radio- 
active contamination is by the use of 
so-called exclusion areas. Obviously, if 
a reactor is placed in an isolated location, 
the possibility of catastrophe is reduced 
to a minimum. During the early phases 
of reactor development large exclusion 
areas were utilized. With the develop- 
ment of nuclear power and building of 
reactors for teaching, research, and med- 
ical applications, the usefulness of the 
installations will depend on their being 
located close to population centers. As 
has been stated above, this means that 
greater reliance must be placed on design, 
containment, and personnel. 

Containment.—By containment is meant 
the enclosure of either the reactor core 
or the reactor and working area in a 
vessel or building capable of withstand- 
ing any possible pressure or missiles 
which may be produced as a result of a 
reactor failure. The purpose of such 
containment is to prevent the escape of 
radioactive contamination to surrounding 
areas. If the enclosure is the building 
housing the entire reactor unit, provision 
must be made for rapid evacuation of 
operating personnel from the building. 

Quality of Supervision and Operating 
Personnel.—The safety of a nuclear reactor 
depends to a large degree on the skill 
and experience of both. supervisors and 
operators. As in the case of industrial 
accidents today, human failure willgprob- 
ably play a significant role in any re- 
actor accidents which may occur in the 
future. Thus, a combination of intelligent 
supervision and well-trained operators 
will be a potent means of accident pre- 
vention. This must, of course, be com- 
bined with a safety-conscious management 
and an efficient safety organization. Con- 
stant vigilance will be even more important 
in the future than it has been in the past. 

Inspection.—During the first few years 
when private industrial research groups 
become involved in nuclear reactor de- 
sign, construction, and operation, it 1s 
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essential that activities of such groups 
as the Advisory Committee on Reactor 
Safety and a safety inspection group be 
continued. It is particularly important 
that details of design be scrutinized care- 
fully to assure that maximum safety is 
being built into any reactor. Further- 
more, careful evaluation must be made 
of the proposed locations of these de- 
vices. This must be correlated with de- 
sign and any plans for containment. It 
is also necessary during this early period 
of transition that inspection be made 
from time to time by competent persons 
to assure continuous safe operation of any 
reactor, 

Since the consequences of a reactor fail- 
ure involving the dissemination of radio- 
active materials are so serious, the reactor 
operators must never be permitted to forget 
their responsibility not only to their fellow 
employees but also to the general public to 
prevent any incidents which may endanger 
either. 


Problems of Indemnification 


There are many kinds of indemnifica- 
tion problems which can result from the 
operation of reactors. These may range 
from minor incidents involving damage 
to the reactor itself to major accidents 
which could involve 
radioactive materials 
around the plant. There are questions 
related to injury of employees directly 
concerned with reactor operations, dam- 
age to the facility itself, effects of fire 
in any of the equipment, damages result- 


dissemination of 


over wide areas 


ing from shutdown and a consequent 
failure to deliver power, and many com- 
pounded problems related to the responsi- 
bilities of parts manufacturers if the failure 
of any particular component can be said to 
be responsible for any reactor accident. In 
addition to this, there is the problem of in- 
demnification of persons working in 
adjacent industrial plants but not employed 
by the owner of the reactor and also pay- 
ment of loss to persons living in areas 


around reactor operations who suffer either 
injury or damage to their property. 

The problems of indemnification are 
present regardless of whether a reactor 
is owned and operated by a governmental 
agency or by private corporations. There 
is only a difference in methods of 
handling payments for such losses. As 
has been stated previously, in the case 
of government operations any payments 
for such losses will come from public 
funds. Private industry, particularly in 
the United States, is desirous of having 
complete insurance coverage to protect 
itself against financial loss which can be 
related in any way to reactor operations. 

Injury to employees working on re- 
actors or contingent equipment is paid 
for in the United States under a system 
known as workmen’s compensation. The 
basic concept of compensation for injury 
while at work is almost universal. It 
varies only in mechanism of administra- 
tion. 

As far as reactor operations are con- 
cerned, it seems to be the general con- 
census of opinion that workmen’s com- 
pensation insurance imposes no problems 
that cannot be solved. It is possible to 
estimate maximum potential loss in that 
a specific ‘number of, employees will 
generally be involved. Limits of liability 
are established by law in the United 
States and many other countries. 

Charges for this kind of insurance 
coverage are usually related to the 
amount of payroll and are based on acci- 
dent experience. Since there is no expe- 
rience from private operation of nuclear 
reactors, it will be necessary to establish 
rates on the basis of experience within 
the Atomic Energy Commission, to- 
gether with an estimate of the added risk 
of widely expanded operations among a 
relatively inexperienced group. 

In the normal operation of a reactor 
there are few hazards which cannot be 
evaluated with some accuracy. It should 
be possible to establish a reasonable base 
insurance charge for the reactor oper- 
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ation related to its basic use. This might 
mean one rate for power plants, another 
for materials testing reactors, and a third 
for research reactors. In addition, there 
will probably be an added cost related 
to potential radiation exposures during 
normal operation. Consideration will also 
be given in rating to a possible catas- 
trophe in the event of reactor failure. 

Damage to Facilities——A second impor- 
tant area of indemnification is related to 
any damage which can occur to the re- 
actor unit and its ancillary equipment, 
the building in which it is housed, and 
associated structures. Such damage could 
occur as a result of fire, equipment fail- 
ure, or breakdown of reactor components. 
As in the case of injury to employees, 
there is no serious problem about limits 
of liability. The exact value of all equip- 
ment and buildings will be known, and 
their cost of replacement will be subject 
to accurate estimates. This then will 
determine the amount of insurance pro- 
tection which would be required to cover 
damage or loss of any, or all, of the re- 
actor facilities. 

The question of rates will be related 
to reactor design, to materials and con- 
struction of the reactor unit, to types 
of construction of the buildings involved, 
as well as to fire protection facilities. 
The cost of insurance of this type will 
of necessity be higher than normal rates 
for damage to equipment and _ facilities 
because of the added possibility of radio- 
active contamination. This is because 
the cost of decontamination can be ex- 
tremely high. 

Injury or Damage to the Public—The 
most serious problem, and one which is 
going to be most difficult to solve, is that 
related to indemnification for injury or 
damage which may be done outside the 
reactor facility. If one assumes the worst 
possible kind of an accident, it is con- 
ceivable that under proper conditions 
large amounts of radioactive material 
could be spread over a wide area out- 
side the reactor. Radiation levels could 
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reach intensities sufficient to produce in- 
jury and death to the exposed people 
and could produce serious contamination 
of the surrounding structures. It is fairly 
obvious then that in a congested region 
the cost of such damage could be ex- 
tremely high. It is difficult to predict, in 
the light of our present knowledge, ex- 
actly how high this cost would be. This 
is why industries in the United States 
desire to have limits of liability insurance 
of this nature high enough to protect 
their entire corporate resources. 

From the standpoint of the private in- 
surer there are definite limitations on the 
amount of risk which can be assumed 
on any individual enterprise. Even by 
pooling a world-wide insurance capacity, 
it may not be possible at this time to 
provide general liability insurance pro- 
tection in the amounts now being asked 
by industry. It is possible only to make 
an educated guess as to how much lia- 
bility protection is actually necessary. 
It now appears as though the insurance 
industry is reaching the point of being 
willing to provide all types of insurance 
for most private reactor operation within 
the range of limits now available for in- 
dustrial operations of all types. Beyond 
this, other arrangements will be neces- 
sary. 

Business Interruptions —In the case of a 
reactor for the production of power, an- 
other possible contingency is that of a 
liability for failure to produce power 
which is essential for other operations. 
In other words, if a reactor breakdown 
resulted in a loss of power production 
which caused customers utilizing such 
power to shut down their operations, they 
might be entitled to some type of in- 
demnification for their loss of business. 
In the case of a major accident with 
attendant long-term shutdown, such 
losses could also be extremely high, par- 
ticularly if several industrial customers 
were involved. 

This kind of situation, however, should 
not develop to very serious proportions 
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during the next few years, since most 
projected power plants will merely supply 
power to a grid system, and their shut- 
down consequently would not result in 
a complete power loss for any particular 
area. In any areas where a nuclear power 
plant is the sole source of power, this 
could be a difficult problem. 

Other Problems.—A matter of major con- 
cern to the insurance industry is related 
to the fact that in certain circumstances 
the idemnification of could be 
compounded. This could result from an 
incident in which, for example, a com- 
ponent part of a reactor is found to be 
the cause of the accident and the reactor 
plant itself is damaged; in which em- 
ployees in a neighboring industrial plant 
are injured, and in which considerable 
property in the area is contaminated by 
radioactive materials. 


losses 


In such a situation 
it can be pointed out that the operator 
of the reactor is primarily responsible for 
its failure, and, therefore, the injury to 
the public, damage to the reactor itself, 
and damage to surrounding property are 
all his responsibility. The employees of 
the adjacent industrial plant, however, 
are covered by law, usually under insur- 
ance policies carried by their employer. 
The case could be further complicated 
if the company operating the reactor 
claims that the manufacturer of a de- 
fective part was, in fact, responsible for 
the entire incident. The possibilities of 
long and costly litigation in this case 
are almost unlimited. The costs would 
have to be added to the total costs of the 
actual damage itself. 

There are some segments of the insur- 
ance industry which believe that it would 
be desirable to find methods of providing 
financial protection on more or less a 
package basis in order to avoid the kind 
of situation described above. 


A Possible Program 
It seems reasonably obvious from this 
discussion that, because of the unusual 
nature of the reactor program, some 


means of providing indemnification in 
the event of damage resulting from a 
serious reactor incident must be found. 
As has already been pointed out in the 
case of governmental operation in such 
installations, the money, if any, simply 
comes from public funds. In the case of 
private industry, other arrangements will 
have to be made. In view of the lack 
of valid information upon which to base 
sound judgment, it would seem reason- 
able to suggest the possibility of a joint 
effort, involving the insurance industry 
and the Federal Government, providing 
all necessary financial protection to 
private operators of nuclear reactors. 
Under such a program the insurance in- 
dustry, through pooling or a similar de- 
vice, would provide all coverages neces- 
sary to the maximum capacity of the 
industry. During the first few years 
when these projects are experimental and 
industry is gaining experience in design 
and operation of nuclear reactors, pro- 
tection above the capacity limit of the 
insurance industry could be provided by 
the Federal Government as excess cover- 
age. that, with the 
exception of an extreme catastrophe, the 
indemnification of private 
nuclear energy operations would be 
handled by insurance carriers on a rou- 
tine basis. At the end of a five-year per- 
iod of private operation the problem 
should be reexamined. Sufficient data 
should be available by that time to per- 
mit an intelligent evaluation of the insur- 
ance protection actually required with 
such operations and of the ability of 
insurance carriers to meet this require- 
ment. 


This would mean 


loss in all 


During the period of early development 
industry must play its part in doing 
everything possible to prevent loss. This 
can be done through design and construc- 
tion giving safety high priority. Losses 
can be kept down by use of maximum 
practical exclusion areas and contain- 
ment. Further protection can be obtained 
by the employment of adequate health 
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and safety stafts and by compliance with 
all standards which may be promulgated. 
Cooperation with all inspection agencies 
will also help in reducing the possibility 
of accidents. By wholeheartedly support- 
ing accident-prevention programs, indus- 
trial management can help considerably, 
not only in reducing the possibility of 
reactor catastrophe but also in reassur- 
ing the insurance industry. 

Insurance companies will provide an 
added incentive to safe design and oper- 
ation of reactors by risking their money. 
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If insurance companies work as a group, 
they should be able to exercise a power- 
ful influence for safety. It is greatly in 
the interest of everyone concerned that 
every reasonable safeguard be used to 
prevent a serious accident. 

One of the important contributions of 
is that 
will have an active interest in controlling 


an insurance program insurers 
all hazards. They will also be able to 
assist in developing safety and safe 


practices through their technical staffs. 
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rolection Against Radiations rom the 


blic Health P. oint of 


1. Introduction 


1.1 The appearance of radiation haz- 
ards dates from the discovery of x-rays 
and radium at the turn of the century. 
The adverse biological effects of excess 
exposure to radiation* were rec- 
ognized, but very little was done to pro- 
tect against them until the First World 
War, when the diagnostic use of x-rays 
After the war the 
need for radiological protection was rec- 


soon 


became widespread. 


ognized in many countries, first among 
enlightened groups in hospitals and later 
national 1925 the first 
international effort was made to broaden 


ona basis. In 
the scope of radiological protection, when 
the preliminary steps were taken for the 
formation of the International Commis- 
sion on Radiological Protection. 

1.2 The first recommendations of the 
Commission were aimed principally at 
the medical profession and to some extent 
at the luminous dial painters and the in- 
dustrial radiographers. The recommenda- 
tions were largely empirical and based on 
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tion. 
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of Atomic International Conference 
held under the auspices of the United Nations at 
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* Throughout this 


Energy at 


paper the term “radiation” 
is used in the sense of ionizing radiation. 

+ The establishment of the International Com- 
mission on Radiological Protection (1.C.R.P.) was 
envisaged at the First Congress of Radiology in 
1925, and it formally established in 1928 
under the auspices of the International Congress 
of Radiology, with which it has since been affili- 
ated. It is a nongovernmental organization com- 


was 


the experience of those groups whose 
operational methods were considered de- 
sirable. The discovery of uranium fission 
brought radiological protection to the 
status of an important industrial health 
consideration. This was immediately 
recognized by the scientists who de- 
veloped the first nuclear energy plants in 
the U.S.A., and every effort was ex- 
pended‘ to ensure the safety of their 
workers. Similar efforts have now spread 
to every known atomic energy center. 

1.3 Fundamental 
biology, aimed at 


research in_ radio- 
putting protection 
measures on a sound scientific basis, is 
now well established in many countries, 
and at least three nations which have 
atomic energy establishments have agreed 
to pool their knowledge of radiological 
protection. Since specialists of these na- 
in the I.C.R.P., 
the recommendations of this body bene- 


tions are also active 


fit from the findings of the conferences 
of the three nations and also from valua- 
other countries 
which have long radiological experience 


ble contributions from 


posed of persons chosen on the basis of their 
recognized activity in the fields of radiology, radia- 
tion protection, physics, biology, genetics, biochem- 
istry, and biophysics without regard to nationality. 
In addition to the main Commission, there are five 
international subcommittees which deal with vari- 
ous aspects of radiation protection. The I.C.R.P. 
deals with the basic principles of radiation protec- 
tion and leaves members the right and responsibil- 
ity of introducing the detailed technical regulations, 
recommendations, or codes of practice best suited 
to their needs. It meets usually every three years 
and issues recommendations on radiation protection, 
which are revised from time to time. The last 
recommendations were prepared at the 1953 meet- 
ing and are now being published. 
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but which are not yet working on atomic 
energy. The recommendations of the 
Commission have no legal standing; yet 
they are adopted by many nations, since 
they represent the most comprehensive 
knowledge in the field at present. 

1.4 The world is now facing a change 
in the problem of radiological protection, 
and this has been recognized for some 
time. With the widespread use of nu- 
clear power, the hazards due to radiation 
are no longer confined to radiologists and 
atomic energy workers. The problem has 
spread beyond the confines of industrial 
medicine to become an aspect of public 
health. 


2. The Scope of Public Health Problems 

2.1 Man has always been exposed to 
radiation from cosmic and other natural 
sources. Present developments in nu- 
such that, with the 
time, the radiation back- 
other words, the ambient 
level—will raised  signifi- 
cantly by radiation sources of man’s own 
making, if these are not controlled. From 
what is already known about the biolog- 
ical effects of radiation, an intensification 
of the radiation background is likely to 
lead to somatic and genetic effects in 
man. The former will occur in the popu- 
lation exposed, while the latter will 
accumulate and affect future generations. 
It is the responsibility of public health 
to do as much as possible to prevent the 
radiation background 


clear energy are 
passage of 
ground—in 


radiation be 


from rising un- 
necessarily fast and to too high a value. 
This problem exists now on a small scale 
as a result of the operation of nuclear 
energy plants, and the protective aspect 
is now being dealt with at the industrial 
level. As the use of nuclear power for 
industrial purposes extends, this will no 
longer be possible. Although the broad 
aspects of the public health problem are 
well understood and are simply stated 
above, there is much to be learned about 
the operational procedures. 

2.2 The experience of the past 10 years 
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has brought to light methods which 
might be used successfully to prevent 
the radiation background from rising, but 
the precise numerical data relating radia- 
tion background to effects on the world 
population are lacking. Such numerical 
data are all-important if public health is 
to function efficiently in its relations with 
the development of nuclear power. The 
correct numerical answer to this prob- 
lem is not at hand and will not be forth- 
coming for some time. Therefore, the 
way is open to the two extreme courses 
of overcaution or undue leniency. 

2.3 The public health problem at the 
moment is not an easy one. It is further 
complicated by the fact that public health 
depends on the degree of organization of 
a community, and since the types of com- 
munities affected by the development of 
nuclear energy will be diverse, it will be 
most essential that operating standards 
be clearly defined. 

2.4 The present codes of practice for 
dealing with radioactive effluent from 
atomic energy plants are compiled on the 
supposition that an insignificant propor- 
tion of the world population is involved. 
When the exposed population becomes 
significant, these codes may have to be 
made more exacting. The limiting factor 
in compiling standards is, and is likely 
to remain for some time, knowledge of 
human genetics, a subject on which 
there are few relevant quantitative data. 
The only hope for a quick answer of a 
qualitative nature applicable to human 
genetics is the work now going on in 
the genetics laboratories of the world. 
The fate of an irradiated population of 
certain organisms could give information 
which could be applied qualitatively to 
the human race. But time is short, and 
public health must fulfill its obligation by 
intelligent control, so that general ex- 
posure to radiation background will not 
soon reach levels from which there is 
no return. 

2.5 With this problem before it, public 
health must profit from the experience 
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of the industry during the last 10 years; 
it must not be accused of hindering the 
development of nuclear power and thus 
depriving the world of its benefits. It 
must cooperate now with those responsi- 
ble for the technical development of nu- 
clear power. The industrial experience 
of the past has shown that the public 
health problems which have been fore- 
seen and attended to ahead of time have 
proved less costly than those discovered 
too late after a period of operation. 


3. The Broad Public Health Aspects 


3.1 Since public health activities must 
be integrated with the other disciplines 
involved in the development of nuclear 
energy, public health must first have rep- 
resentation of the highest order capable 
of appreciating the problems as they arise 
in other scientific fields. Such personnel 
does not exist in the required numbers at 
present, and the first task of public health 
is therefore to embark on a comprehensive 
training program. It is necessary, on the 
other hand, for the engineer and the 
physicist to appreciate the public health 
problem. Since this is a rapidly expand- 
ing field, public health personnel will 
have to be kept informed of the latest 
developments. These developments will 
be taking place all over the globe, and 
it will be a task in itself to sort out the 
important findings from the vast body 
of literature which will grow up. This 
is already a problem even at this early 
stage. 

3.2 The task of public health will be 
lightened considerably by the provision 
of adequate protection in new installa- 
tions, and for this reason it must collabo- 
rate at the early design stage. Present 
nuclear energy plants suffer much from 
the fact that not enough protection was 
provided for in their design, and they 
therefore need to be patrolled by large 
radiological Although 


safety crews. 


safety crews will never be completely 


abolished from nuclear power installa- 


tions, it is desirable for economic reasons 
that they be kept as small as possible 
by providing for maximal protection in 
the design of plants. Much experience 
in providing protection has already been 
accumulated, and this has an additional 
appeal on the basis of lower operating 
costs. It is assumed that, as experience 
is gained, accidents in nuclear plants will 
become as rare as in other types of indus- 
trial plants. The troubles still en- 
countered in present nuclear energy 
plants were generated when operations 
were started and knowledge was inade- 
quate. This is a warning to remind us 
that a correct start be made, for diff- 
culties arising from a false start in this 
field will make their presence felt for a 
long time. Since the development of nu- 
clear power is now a world concern, it 
is also necessary that the public health 
program be coordinated at the highest 
national level so that there can be full 
international cooperation. 

3.3 Another important aspect of public 
health interest will be the siting of nu- 
clear energy plants. In general, these 
will be of two kinds—reactors producing 
power and plants to process the spent 
fuel. The reactors may have to be close 
to large centers of population. In general, 
these will not present much of a health 
problem, unless there is an accident or 
the effluent systems are not properly 
designed. Reactors must therefore be 
built, at least at this stage, on the 
assumption that there is always a possi- 
bility of an accident, and thus the proper 
safeguards must be incorporated. 

3.4 The more difficult installations will 
be the fuel reprocessing plants, though 
these, with improved technology, could be 
quite safe. At the present stage we must 
expect the usual amounts of low-activity 
wastes which arise from one reason or 
another and which will have to be dis- 
posed of locally. The siting of such a 
plant will therefore be determined by 
transportation facilities and proximity to 
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a suitable site for disposal into the 
ground. 
3.5 Working practices nuclear 


energy installations are now well estab- 
lished; the records for radiation safety 
in such plants are probably the best in 
the world. However, it will be necessary 
in the interest of public health to institute 
broader precautions. At the moment the 
problem of protection of the communi- 
ties is looked after by the staff of the 
nuclear energy plants themselves. When 
such plants become numerous, these pub- 
lic health aspects will have to be the 
responsibility of public health workers. 
Codes of practice will have to be worked 
out with the plant personnel and must 
be of an eminently practical nature if 
they are to be effective. 


4. The Particular Problems 

4.1 Nuclear energy plants will impinge 
on public health by means of their waste 
products and via the widespread distri- 
bution of radioactive isotopes. The prac- 
tical public health problem will then be 
to assess and control the radioactive 
wastes and to ensure that the radioactive 
isotopes distributed are safely transported 
and disposed of. The wastes are of three 
kinds—gaseous, liquid, and solid. 

42 The air may be polluted from 
stacks which emit either radioactive par- 
ticles or gases. Particulate waste can be 
filtered, and there is already much expe- 
rience in this field. The filters now used 
are of the highest quality in order to 
trap the smallest particles. Their intro- 
duction into a ventilation system places 
additional requirements upon the air 
flow and pressure heads, which are re- 
flected in the cost of the installation. 
However, it is cheaper to design the air 
system properly at the beginning than 
to attempt to modify it later when radio- 
active fall-out in the vicinity of the plant 
becomes intolerable. Some of the fission 
products are noble gases and can pass 
through any filter, but, on the whole, 
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these are short-lived and can be stored, 
trapped, and allowed to decay. This can- 
not be done with Kr*®, which has a 10- 
year half-life and which might become 
hazardous under adverse meteorological 
conditions in crowded industrial areas. 
The use of filters and gas traps changes 
the air-pollution problem to one of the 


disposal of solid contaminated waste. In 


this regard, public health services must 
be equipped to carry out air monitoring 
to be assured that 
in populated areas. 


conditions 

The present safe 
standards for this form of disposal are 
contained in the recommendations of the 
I.C.R. P. (1953). 


4.3 The use of waterways for the dis- 


are safe 


posal of radioactive materials is obviously 
not an acceptable solution. It is almost 
impossible, even with the best control, 
to prevent small quantities of such waste 
from reaching water which may be used 
for drinking or which may contain edible 
organisms. The standards for such pollu- 
LAs 
(1953), and public health authorities must 
be in a position to verify them. This 
problem is now being dealt with by in- 
dustry. It differs from the usual pollution 
problem in that the actual amount of 
harmful waste is very small and its toxi- 
city is measured in terms of its radio- 
activity. 


tion are again contained in 


It must be remembered, how- 
ever, that some biological systems have 
the power to concentrate certain radio- 
active elements, so that a water monitor- 
ing program must include the measuring 
of radioactivity in water, edible organ- 
isms, some of the lower forms of life, 
and sediments. 

4.4 At present much of these dilute 
wastes are dealt with by running them 
into the ground, where the radioactive 
elements which are in small bulk are 
taken up and retained, mostly by the clay. 
The practice of getting rid of wastes in 
this manner is economically desirable, 
but care must be exercised in its execu- 
tion, especially as it may become wide- 
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spread. The presence of large quantities 
of chemicals in the waste solution may 
destroy the soil’s property of retaining 
the radioactive elements. Also, the move- 
ments of these wastes are governed by 
the properties of the soil itself and the 
movements of the ground water. These 
two factors must be carefully studied in 
the area before such disposals are under- 
taken. A more conservative approach to 
ground disposal is the use of specially 
prepared beds, so that the active soil is 
retained under control and the effluent 
from the beds monitored and disposed 
of to the ground if sufficiently decontam- 
inated. The disposal of wastes of low 
radioactive content in the ground is so 
important economically that it may well 
be a deciding factor in siting reactor 
fuel processing plants until more ad- 
vanced chemical processes eliminate the 
problem entirely. 

4.5 The burial of contaminated solid 
material raises much the same problems 
as the release into the ground of con- 
taminated solutions. The site must be 
chosen with the same considerations in 
mind. 

4.6 A further problem arises in this 
connection in that many of these solid 
wastes, such as scrap steel, have a com- 
mercial value, and there is a tendency 
to return them for further industrial 
use. This will lead to a low level of 
radioactive contamination in supposedly 
new material. It is evident from this 
that public health measures must include 
radiation monitoring at a low level. 

4.7 A much bigger public health prob- 
lem is the disposal of highly radioactive 
wastes. To date there is no good solu- 
tion for this problem, and many methods 
are being studied. In the meantime the 
wastes are stored in tanks awaiting per- 
manent disposal. From the standpoint of 
public health these wastes will have to 
be confined, so that they will not come 
in contact with humans in harmful con- 
centrations. For countries which are 


crowded together and which lack space 
it may be desirable to have a common 
waste disposal site. The use of many 
scattered disposal sites for highly radio- 
active wastes, whether on land or at sea, 
might lead to the spread of radioactive 
material, for there is a high probability 
that this material will escape if the sites 
and methods used are not properly 
chosen. A more satisfactory alternative 
would be to have a few recognized sites 
throughout the world, which would be 
considered safe for the deposit of high- 
activity waste; such sites would be con- 
trolled on an international basis. 


5. A Suggested Public Health Program 

5.1 For public health to play its part 
in the development of nuclear power, it 
must be sure that its demands are con- 
sistent with sound principles of radio- 
logical protection. Already in many quar- 
ters there is the suspicion that protection 
against radiation is being overdone. 
To allay these suspicions, a_ public 
health program must be designed to seek 
the knowledge, which is now lacking, on 
the quantitative effects of chronic low- 
level irradiation on humans. 

5.2. It seems now possible to suggest 
a program of work which might be log- 
ically undertaken by public health along 
with the development of nuclear power. 
This program is not intended to be all- 
inclusive and would certainly be subject 
to modification in the light of review by 
technically competent bodies, such as 
the I.C. R. P. The intention is to create 
a starting point for discussion in the 
hope of stimulating action in the right 
direction. The following items among 
others might be usefully included in such 
a program, 

5.2.1 The Training of Public Health 
Personnel.—This is one of the immediate 
important requirements. The field of nu- 
clear technology is expanding rapidly. 
It is necessary that public health author- 
ities join in this expansion as soon as 
possible. The number of public health 
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personnel trained in this specialized field 
is at present inadequate, especially in 
countries which as yet have no nuclear 
energy programs. Public health person- 
nel must be trained to such a level as 
to command the of their col- 
leagues in physics, chemistry, and engi- 
neering if their advice is to be heeded. 
The detailed requirements of such a train- 
ing program and the method in which it 
will be effected are dealt with in another 
paper prepared by W.H.O. and will not 
be discussed here. 

5.2.2 The Dissemination of Pertinent 
Public Health Information.—There is at 
present a vast body of knowledge con- 
cerning the radiological health problems 
associated with nuclear energy. Some 
consideration has also been given to the 
general problems of public health. For 
various reasons this knowledge is not 
available in a coordinated and condensed 
form. This undesirable state of affairs is 
one which can be effectively corrected if 
the present information were coordinated 
and made available to those requiring it. 
The effort to do this would 
be considerable, and a way to attack the 
problem would be for an international 
organization, such as W. H. O., to select im- 
portant public health subjects and to 
have them discussed among groups of ex- 
perts working in the respective fields. 
At the same time due attention should 
be paid to the necessity of dealing with 
new information as it becomes available. 
Such an information service will be in- 
valuable to public health administrations, 
especially in countries which have had 
no previous connection with radiation 
problems. 

5.2.3 A World-Wide Scientific Study of 
the Somatic Effects of Low-Level Radiation 
on Humans in Relation to the Intensifica- 
tion of the Radiation Background.—5.2.3.1 
Such a study must undoubtedly be sup- 
ported by work on animals, which would, 
on the whole, yield qualitative data. This 
subject will be dealt with in other papers 


respect 


necessary 


presented at this Conference. CQuantita- 
tive observations on the effect of radia- 
tion on humans have been sadly lacking. 
For this reason there is a great effort 
taking place to try to extrapolate the 
results of animal experiments to get 
quantitative information which would be 
of use to public health. A first step in 
this program would be to reconsider the 
present system of collection of vital sta- 
tistics and to add to it or modify it in 
the light of the health problems of the 
nuclear age. The standardization of 
statistical information to include radiation 
effects could well be aided by advice 
from the I.C.R.P. 

5.2.3.2 The incidence of the radiation- 
associated would have to be 
studied in relation to the intensification 
of the radiation background. For this 
purpose radioactive isotopes 
which have been shown to be damaging 


diseases 


specific 


to animals, such as Sr*®, might be se- 
lected for initial scrutiny. The assays at 
low-radiation levels which enter into this 
work require special technical skills and 
the use of advanced measuring equip- 
ment. This technical knowledge must be 
acquired by health personnel. A_ diff- 
cult technical study of this kind would 
be much more effective on a world-wide 
basis if those undertaking it have at 
their disposal uniform methods and com- 
mon standards so that all results could 
be ultimately compared. It must be 
appreciated that such a research would 
be a long-term one, but there seems to 
be no other way of obtaining the required 
information. 

5.2.3.3 A particular aspect of this work 
would be the study of human beings 
irradiated as a consequence of occupa- 
tional or other conditions. These are to 
be found among the following: 

(a) patients submitted to radiation 
therapy 

(b) workers in medical radiology 

(c) workers in the nuclear energy in- 
dustry 
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(d) workers in the uranium 


industry. 


mining 


International standardization and inter- 
comparison of experiences would again 
be of great value in this field. It must 
be realized that, although radiation is 
easily measured, it is very difficult to get 
reasonable agreement when these meas- 
urements are made in diverse ways and 
places. 

5.2.4 A Study of the Radiation-Induced 
Genetic Defects in the Human Race.— 
5.2.4.1 This is an difficult 
problem, and a clear method of attack 
is not evident. The genetic condition of 
the human race is in a dynamic state, and 
it would be almost impossible to dis- 
tinguish small shifts due to radiation; 
yet it is this factor that is presently in- 
fluencing the limit which is considered 
acceptable as the world-wide radiation 
background. An experiment on mammals, 
such as rats, would perhaps give qualita- 
tive information on the fate of the 
human population when exposed to addi- 
tional low-level radiation. These experi- 
ments are of value in general, because 


extremely 


they will tell whether an irradiated pop- 
ulation tends to get stronger, retain the 
status quo, or deteriorate. This is the pub- 
lic health value of such work. 

5.2.4.2 Some humans 
could be obtained from a genetic study of 
selected groups, such as the offspring of 
persons exposed to radiation by their 
work and of communities living at high 
altitude. 


information on 


In any case, genetic information on 
humans will take a long time to collect, 
and a comprehensive program on genetics 
should be undertaken as soon as possible. 
Here again uniformly recorded statistical 
information would be essential. 

5.3 Only if a comprehensive public 
health program of the type outlined above 
is initiated will world-wide radiation pro- 
tection be efficient. Although work on 
radiations has proceeded for 50 years, 
knowledge of biological effects is still 
deficient. And yet this generation has an 
obligation to posterity to hand down the 
legacy of nuclear technology not only 
with all its useful potentialities but also 
with corresponding knowledge of how to 
deal with its inherent hazards. 


R. J. SHERWOOD, B.Sc. (Eng.) S.M., A.C.G.I. 
and 
JOAN BEDFORD, London 


In recent years the increasing cost and 
occasional shortage of raw coal have in- 
duced some large-scale consumers to turn 
to other fuels, notably oil and, to a 
slighter extent, creosote pitch. This paper 
deals with a health hazard in boiler clean- 
ing, owing to the lead content of the ash 
from the latter fuel. Creosote pitch 
(known as C.T.F.-200), a by-product of 
the gas industry, is a liquid fuel with 
high calorific value and with low ash and 
sulfur contents. Approximately 800,000 
tons are used as a fuel for large boiler 
installations in Britain annually. 

The investigation described here was 
carried out at the request of an organiza- 
tion which uses this fuel at one of its 
The sta- 
tion contains 11 boilers, 4 of which were 
at the time fired with creosote pitch and 


electrical generating stations. 


the others with coal. Each boiler is given 
a general overhaul once a year, and this 
commences with a thorough cleaning of 
the combustion spaces to remove the soot 
and ash that have been deposited on the 
walls and on the external surfaces of the 
tubes. During the later stages of the 
cleaning process, it is necessary for men 
to enter the combustion chamber and the 
various gas passes, including the air 
preheater, where, armed with rods, crow- 
bars, and compressed-air lances, they 
belabor the tubes to remove the deposited 
material. Even though a great deal of 
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the air-borne dust is removed by main- 
taining a draft of air through the boiler, 
the men are still exposed to massive dust 
concentrations while work is in progress. 
In view of this obvious dustiness the men 
have for some years been required to 
wear Mk. IV or Microfilter respirators.* 
The organization had established that the 
deposits contained lead (and arsenic), 
and as it was suspected that the dust pro- 
duced during the operation might have 
some injurious effect on the men, the 
Occupational Health Sub-Unit was re- 
quested to make a preliminary analysis. 


Analysis of Dust Deposits 


Samples of deposits taken from the 
brickwork of the combustion chamber of 
a boiler were sent to our laboratory for 
examination, and chemical analyses of 
these- showed that the dust contained 
about 6% lead, 6% total silica, and 0.2% 
arsenic. A spectrographic examination of 
the mineral residue was kindly carried out 
by the Fulmer Research Institute, and 
their report indicated that the dust was 
while the 
contained the following constit- 
silicon, 10%; 
6% ; calcium, lead, 
sodium, 3%; germanium, 0.5%; 


predominantly iron, non-iron 
portion 
5% ; 
3% ; 


Vana- 


uents: aluminum, 


nickel, 5%; 
dium, 0.4% ; arsenic, 0.3%, and beryllium, 
0.01%.+ From these results it appeared 
that the 
likely to prove hazardous, and it seemed 


lead was substance most 


desirable to investigate this matter further 
by studying the working conditions dur- 
ing a cleaning operation and by analyz- 


ing the urine of the cleaners concerned. 


* Approved by the British Factory Department. 
+ An independent spectrographic examination of 
residue this time 
showed an insignificant amount of nickel. 


from another boiler at about 
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Analysis of Air Samples 

While cleaning was in progress, sam- 
ples of the air-borne dust were collected 
by aspirating air through filter paper for 
subsequent chemical analysis by the 
method of Bambach and Burkey’ and 
by means of a thermal precipitator for 
microscopical examination. Analysis of the 
filter-paper samples taken throughout 
“ach operation showed that the average 
concentrations of lead to which the men 
were exposed at different stages of the 
operation varied from 50 to 200 mg. per 
cubic meter, and spot samples showed 
that on one occasion the concentration 
was as high as 850 mg. per cubic meter. 
Thus, although the acute risk of lead colic 
appeared small, the average concentration 
was about 1000 times the accepted maxi- 
mum safe concentration of 0.15 mg. per 
cubic meter for continual occupational 
exposure.” Even though the men _ were 
only exposed for about 12 hours once 
every quarter, that is, about 1/50th of 
the normal working period, it was quite 
obvious that respirators were essential. 
From the results it was estimated that 
the lead represented 5%-10% of the total 
dust. Microscopical examination of the 
thermal precipitator samples, with use of 
an oil-immersion objective at a numerical 
aperture of about unity showed that the 
dust concentrations, when the main and 
superheater tubes were being lanced. 
averaged about 5000 particles per cubic 
centimeter (1500 between 1p and 5, di- 
ameter). When the air heater was being 
cleaned, a maximum 
50,000 particles per cubic centimeter 
(10,000 between 1 » and 5 » diameter) was 
found. 


concentration of 


Analysis of Urine Samples 


As the cleaners were wearing respira- 
tors, the results of the air analyses were 
no guide to their possible absorption of 
lead. To assess the exposure of the six 
men concerned, spot samples of their 
urine were taken before, during, and 


after a cleaning operation which lasted 
six days. The average concentration of 
lead in these rose from 0.04 mg. per liter 
immediately before the operation to 0.08 
mg. on the second day and to 0.14 mg. 
on the seventh day after the cleaning 
commenced. Elkins* recommends that 
men continually exposed to lead should 
not excrete more than 0.20 mg. per liter 
in their urine. As the normal concentra- 
tion for city dwellers is 0.05 mg. per liter 
(Ethyl Petrol Committee Report*), it 
was felt that the results showed a dis- 
tinct, though not dangerous, lead absorp- 
tion. 

In a further series of analyses of spot 
samples of urine carried out at a later 
cleaning operation, it was found that the 
average concentration rose from 0.08 to 
0.20 mg. per liter and that five days later 
0.16 The 


samples were also tested for the presence 


it was mg. per liter. urine 
of porphyrins (Rimington *). Only trace 
quantities were found in the urine of two 
of the men, and none in that of the other 
four. The average concentration of nickel 
for the group rose to a maximum of 5.7 
mg. per liter, and that of arsenic to a 
maximum of 0.52 mg. per liter. 

Following this it was decided to deter- 
the 


considerable time after exposure to make 


mine rate of lead excretion some 


sure that the concentration fell to a nor- 
mal level. To simulate previous condi- 


tions and to ensure that no problem arose 


with coal firing, spot samples were col- 
lected when the men were engaged in 
cleaning a coal-fired boiler. The average 
rate of lead excretion found was 0.06 mg. 
per liter, which may be considered within 
the normal range for persons not occu- 
pationally exposed. 

On the basis of the work carried out 
up to this time, the organization was 
advised that, although the hazard did not 
appear to be great, it was nevertheless 
desirable that the exposure be reduced. 
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Improvements in Respirator Design 

The organization proposed to convert 
more boilers to creosote-pitch firing, and 
it was apparent that, if this plan were 
carried out, improved control would be 
yet more essential. A number of sug- 
gestions for reducing the exposure were 
made, and one of these, equipping the 
men with compressed-air respirators in 


tration fell to 0.07 mg. per liter in a 24- 
hour specimen taken immediately after a 
cleaning operation, while a man wearing 
the earlier type of respirator, but without 
a cotton helmet, excreted 0.06 mg. per 
liter. As these values are within normal 
limits for persons not occupationally ex- 
posed to lead, the operation is now con- 
sidered safe. 


POINT OF LEAKAGE 


COTTON HELMET. 


TUCKED INSIDE OVERALLS COTTON 


RESPIRATOR OVER 


HELMET 


IMPROVED RESPIRATOR. 
RuBBER HEAD COVERING 


place of the filtering type, was adopted. 
Demand-type respirators with full-face 
masks were introduced, and the fresh air 
supply was obtained from high-pressure 
cylinders through reducing valves. At the 
same time the miscellaneous cloths pre- 
viously worn as head coverings were 
replaced by cotton helmets. Subsequent 
analysis of 24-hour urine specimens from 
the two men who were cleaning inside a 
boiler showed lead concentrations of 0.08 
and 0.53 mg. per liter. Investigation of 
the cause of the latter high value showed 
that the cotton helmet which was worn 
by that particular man interfered with 
the fit of his respirator. 

Improved masks which incorporate an 
attached rubber head covering were then 
introduced, and the urinary lead concen- 
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Comment 


During the course of this work diffi- 
culty was experienced in interpreting the 
results of analyzing spot samples of urine, 
as the specific gravities of some of the 
specimens were extremely low. Applica- 
tion of the correction methods described 
by Levine and Fahy ® involved, on occa- 
sions, multiplying the observed concen- 
trations by factors of 10 or even 12, and 
this cast doubt on the validity of the 
methods and on the reliability of some of 
the results. In the later stages of this 
investigation urine sampling was _ re- 
stricted to 24-hour specimens. To enable 
contamination to be detected, each 24- 
hour specimen was usually collected in 
two flasks whose contents were analyzed 
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separately. One flask of each pair was 
used during working hours, and the other 
used at home. (Note: Concentrations re- 
ported in this text are all 
uncorrected values. ) 

We believe that the following lessons 
are to be learned from this study: 

1. The dust from boilers fired with creosote 
pitch from the particular source used contains 
a small percentage of lead, and this may constitute 
a health hazard. 

2. Since no industrial filter-type respirator is 
100% efficient, such appliances should not be used 
where men are exposed to high concentrations of 
a dust containing any material more dangerous 
than free silica. Compressed-air respirators are 
usually suitable, and these are often popular with 
the men, as the incoming air can be pure and cool. 
The use of a respirator with an attached hood re- 
duces the risk of its fit being interfered with by 
other head coverings. 

3. Compressed-air respirators should be tested 
on each worker to ensure that no leakage is oc- 
curring. To check the fit of a respirator, a piece 
of absorbent material wetted with a small quantity 
of a volatile and strong smelling substance (e.g., 
pyridine) can be passed around the edge of the 
facepiece when the mask is being worn. 


observed, 


Summary 

This paper describes an investigation 
of boiler cleaning operations during which 
men are exposed to massive concentra- 
tions of dust. 

The ash from creosote-pitch fuel con- 
tains about 5% of lead, and this consti- 
a hazard to unprotected 
working within a boiler. 


tutes men 


Even when approved filter respirators 
are worn, lead is present in the urine of 
the men, and for this reason the use of 
supplied-air respirators is advocated. The 
correct fit of these should be tested peri- 
odically. 


For reliable estimation of lead excre- 
tion, 24-hour urine are 
essential. Contamination of urine speci- 
mens can readily be detected by analyz- 
ing the contents of separate night and 
day flasks. 

Prof. G. P. Crowden, O.B.E., T.D., offered val- 
uable advice and Dr. P. J. R. Challen furnished 


encouragement and advice in the later stages of 
the investigation. 


specimens of 
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Abstracts from Current Literature 
Epitep By W. Davip SMALL 


General 


Acency Concept oF INpusTRIAL Mepicat Practice. I. R. TABeRSHAW and SHECKMAN, 

Proceedings of Seventh Annual Meeting, American Academy of Occupational Medicine, 

pp. 70-72, 1955. 

The idea of group service in general practice or in industrial medicine is not new, but the 
authors propose the concept of an agency similar to other professional groups, such as lawyers 
and accountants. The general characteristics of such a group include: (1) ability to provide 
ancillary services; (2) flexibility; (3) ability to provide qualified specialized skills; (4) ob- 
jectivity, and (5) liaison between the agency and the company it serves. A medical agency 
would consist of industrial physicians in group service through an “account physician” on a 
retainer basis. It would be made up only of physicians qualified as industrial medical admin- 
istrators, hygienists, or occupational physicians. The group would not provide fee for service 
except in unusual cases. The services would include planning and programming, physical exam- 
ination, environmental control, and the other functions of an industrial medical department. In 
the authors’ opinion, this type of practice answers more fully than any other type extant the 
needs of both industries and the physician. 

Inpust. Dicest. 


CLinicaL Stupy oF A Group oF AccipENT-Prone Workers. JAMES A, SMILey, Brit. Indust. 

Med. 12 :263-278 (Oct.) 1955. 

From a group of 6450 employees in an aircraft factory, 87 were chosen for study as acci- 
dent-prone persons, since they had had 11 or more accidents during the year. A control group 
of 100 men, chosen at random from other workers in the same shop and doing the same type 
of work, was also studied. It was established that no worker was rendered more liable to 
accidents than another by reason of the nature of his work. 

The accident-prone group reported to the Dispensary, on the average, 31 times during the 
year of study, while the control group averaged only 13 visits. The control group lost, on the 
average, 30 days from work during the year owing to all causes, while the average lost time 
of the accident-prone group members was 75 days. 

When the accident-prone men were classified by Culpin’s system, 72% were in the higher 
group, while only 8% of the controls were so classified. The accident-prone group exhibited 
a frequency of excessive palmar and plantar sweating, which was six times that found in the 
control group. Fifty-two per cent of the accident prones showed transient albuminuria, while 
only 7% of the controls showed this abnormality. 

In a masterly discussion of these findings, the author postulates that the physiological changes 
of the accident-prone person are largely caused by disordered functioning of the hypothalamus. 
He suggests that the accident prone are, in the main, emotionally unstable. This instability is 
expressed by the hypothalamus which, receiving stimulatory and inhibitory impulses from the 
cerebral cortex, produces (through an involved mechanism) minor imbalances of adrenalin 
and acetylcholine. 

The results are held to be inapplicable to road accidents, where intelligence seems to be a 


more important factor. 


Compiled by U.S. Department of Health, Education, and Welfare - Public Health Service” 
Occupational Health Program, 1014 Broadway, Cincinnati 2, Ohio 


Louis S. Reed, Ph.D., has been appointed 
health economist with the Occupational 
Health Program, Public Health Service, 
U.S. Department of Health, Education, and 
Welfare, Washington, D. C. Dr. Reed will 
make studies of employee health insurance 
plans and medical care programs for indus- 
trial workers, incidence of worker illness 
and disability, and variations in morbidity 
and disability among occupational groups. 
Nationally known for his work, Dr. Reed 
has been associated with the field of health 
economics and prepayment health plans for 
over 25 years. He received his A. B. degree 
from Amherst College and his Ph. D. de- 
gree, in economics, from Columbia Univer- 
sity. After several years of teaching, he 
joined the staff of the Committee on the 
Costs of Medical Care, the pioneer organi- 
zation in this country in the study of the 


High-intensity noise, particularly as it occurs 
on the flight deck of an aircraft carrier, pre- 
sents a problem that ts new in man’s experience. 
The noise levels associated with jet-propelled 
aircraft are higher than any in which man has 
previously lived and carried out military opera- 
tions. In addition to impairing the hearing of 
the men who are regularly and repeatedly ex- 
posed to it, the noise may be implicated in other 
physiologic effects. Some of the questions that 
have arisen include the following: Does the 


Health Economist Appointed 


MOBILE LABORATORY BUILT TO 
STUDY HIGH INTENSITY NOISE 


social and economic aspects of medical care, 
and wrote several of its research reports. 

Dr. Reed joined the Public Health Serv- 
ice in 1939. His work has been concerned 
primarily with research and studies in the 
field of health economics, the financing of 
health services and prepayment plans. In 
1944-1947 he made a nation-wide survey 
of Blue Cross and related medical service 
plans. During the past nine months, while 
on leave of absence from the Public Health 
Service, he had been research director for 
the Senate Subcommittee on Welfare and 
Pension Funds in its study of employee 
benefit plans and welfare funds. 

Dr. Reed is the author of numerous books 
and articles on health economics. 
Fellow of the Public 


He is a 


Health 


American 


Association. 


noise stress cause chronic fatigue or pos- 
sible cumulative injury to the sense organs or 
other parts of the nervous system? Are there 
nonauditory effects, perhaps in the nervous sys- 
tem or the digestive system? 


To investigate the effects of high-inten- 
sity noise on aircraft carriers, the Central 
Institute of the Deaf and the School of Avi- 
ation Medicine at Pensacola are planning 
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to jointly conduct an on-the-site study, using 
a mobile laboratory. This study will focus 
on the exposure of flight-line maintenance 
men and carrier deck crews who operate in 
the immediate vicinity of the exhaust of a 
modern jet engine. 

The project has several objectives: (1) 
to obtain better measurements of the noise, 
(2) to measure the effects on hearing, (3) 
to relate the hearing losses to the noise, (4) 
to evaluate the effectiveness of ear protec- 
tors, (5) to determine possible nonauditory 
effects, and (6) to make neuropsychiatric 
and certain other medical observations. 

The mobile laboratory which has been 
built for the study is a trailer, 40 ft. long, 
8 ft. wide, 11% ft. high, and weighing 
about 10 tons. Double shell construction as- 
sures soundproofing. It has one room large 
enough to hold 10 subjects simultaneously 
for sound study and another room where the 
physiologic and psychologic tests and ex- 
aminations can be carried out. In addition, 
there is a control room for laboratory ap- 
paratus and air conditioning. 

A stationary laboratory, with correspond- 
ing equipment, where parallel studies can 


The success or failure of a laboratory 
which uses some of the more potent radio- 
active materials depends largely upon the 
ability of the laboratory personnel to make 
proper use of those materials. 

This proper use is especially important 
in protection of personnel. As new uses of 
radioactive materials are developed, protec- 
tion will have to be provided for a broader 
group of people. General and specific plans 
for protection are well established. But the 
elements being handled are of such potency 
that it is worth while to repeat some of the 
tules. 

This suggested digest of “hot” laboratory 
rules was drawn up at the request of a 
laboratory in a southern State. Although the 
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Safe “Hot” Lab Procedure 


be carried out, has also been established at 
the School of Aviation Medicine. The pur- 
pose of this installation is to obtain control- 
led base-line observations and to develop 
workable techniques and tests for use in the 
mobile laboratory. 

For measuring hearing, a group audio- 
meter has been developed with several novel 
features to fit particular needs. Since some 
of the men have a total loss of hearing at 
high frequencies, 4 wide range of hearing 
effects must be covered. A_telemetering 
device, a microphone, and a_ short-wave 
broadcast unit about the size of a two-pack 
hearing aid, which can be put on individual 
men without encumbering them seriously, 
are also being developed. A continuous 
record will thus be obtained both of the 
noise levels and of the reactions of the in- 
dividual workers as they go about their par- 
ticular duties. 

Also in process of development is an in- 
strument called the “noise cumulator,” 
which will indicate how much of the time 
the noise has been at varying levels ranging 
from 125 db. to 145 db. and above. 


"Adapted from U. S. Navy Medical News Letter 


laboratory had developed an excellent set 
of rules of its own and was rigidly adher- 
ing to the basic principles of safe procedure, 
the surveyor from the Occupational Health 
Field Headquarters suggested a few changes 
and drew up the following abbreviated set 
of rules: 


DIGEST OF “HOT” LABORATORY RULES 


Preparation 

1. Write plan of work. 

2. Change to laboratory clothes. 

3. Wear film badge and charged dosimeter. 

4. Check equipment. (Use check list if pro- 
vided. ) 

5. Make a dry run, note time required, and 
estimate exposures. Do not begin until 


it is clear that overexposure will not occur. 
6. Post warning signs. 


= 
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Conduct of Work 


1. Monitor each operation. 
2. Do not touch isotopes or contaminated tools 
with bare hands. 


3. Wear respirators while working with un- 
encapsulated sources. 


No Eating, Drinking, or Smoking in “Hot” 
Laboratory 


At End of Operation 


1, Return isotopes to safe and lock. 


2. Monitor and decontaminate tools. 


3. Monitor and decontaminate 


working surfaces. 


floors and 


. Monitor and remove laboratory clothes. 


Two New Scientists 


Two biochemists have joined the staff 
of the Occupational Health Field Head- 
quarters, Public Health Service, U. S. De- 
partment of Health, Education, and Wel- 
fare. 


They are Lester D. Scheel, former di- 
rector of the biochemistry department of 
the Trudeau Foundation, and Edward J. 
Fairchild II, formerly associated with the 
biologic research section of the State of 
Louisiana. 


Dr. Scheel, a native of Hanover, Wis., 
studied at the University of Wisconsin, 
where he was granted a Ph.D. degree in 
biochemistry in 1949. He joined the scienti- 
fic staff of the Trudeau Foundation in that 
same year and was appointed director of 
biochemistry in 1952, 


His primary work has included studies of 
the toxicity of silica, metabolic studies of 
tuberculosis patients, toxic manifestations 
of aminosalicylic acid, the metabolism of 
acid, 


isonicotinic and beryllium com- 


Occupational Health Field Headquarters Adds 


In Case of Spill 


1. Turn off fans, close windows and ventila- 
tors. 


2. Leave outer garments and shoes just inside 
door. 


3. Step out of room and close door, lock and 
seal cracks with tape. 


4. Monitor body surfaces and decontaminate. 


Report Accident, Spill, or Loss of Isotopes to: 
Mr. 


Telephone (day) (night) 
Mr. 
Telephone (day) (night) 
Read All the Safety Rules at Least Once a 
Month 


pounds in relation to pulmonary granulo- 
matosis. 

At Occupational Health Field Head- 
quarters, Dr. Scheel will work on problems 
involving clinical aspects of air pollution. 

Dr. Fairchild was born in Gallup, N. M., 
and attended schools there and in west 
Texas before enrolling at the Louisiana 
State University, where he received his 
Ph.D. degree in biology and biochemistry. 
He later taught at the University before 
joining the State’s biologic research pro- 
gram. 

While studying for his Ph.D. degree Dr. 
Fairchild was a senior research fellow 
doing bioassay work in evaluating the effects 
of oil and oil wastes on aquatic organisms. 
The fellowship was sponsored by six Loui- 
siana oil refineries. 

Dr. Fairchild’s assignment with the Oc- 
cupational Health Field Headquarters in- 
volves investigation of the toxicity of or- 
ganic sulfur compounds in connection with 
air-pollution studies. 
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This article by Dr. Ralph R. Sullivan, Di- 
rector of the Occupational Health Section, 
Oregon State Board of Health, originally ap- 
peared in the International Woodworker. 


A frequent criticism of many industrial 
health and welfare insurance programs is 
that there is no provision for preventive 
medical services. The patient may neglect 
early illness until the complicated and ex- 
pensive stages of care come under the in- 
surance benefit umbrella.! 

One of the most productive methods of 
supplementing the benefits of employee in- 
surance programs and extending preventive 
medical services to the working population 
is the provision by management of good 
plant health services. The adjective “good” 
is especially important, for if the service is 
not of high quality and fairly administered 
its value is questionable. 

David J. McDonald, President of the 
United Steel Workers of America, wrote: 
“In the field of preventive medicine it is 
necessary to enlarge greatly the present non- 
existent or meager medical facilities avail- 
able in the mills and factories. . . . The 
early detection of illness among employees 
can prevent later serious complications and 
long absence from work. From the employ- 
er’s point of view there is an immeasurable 
gain when workers are able to work steadily. 
From the employee’s point of view preven- 
tive care will mean better health with fewer 
absences and obviously less loss of wages 
due to preventable illness.’ 

What then constitutes a good plant health 
service? What might reasonably be included 
in such a program? Briefly, the following: 
preplacement physical examinations; peri- 
odic health inventories ; emergency care, in- 
cluding first aid; supervision of the environ- 
ment to prevent health hazards, such as toxic 
materials or poor sanitation; health counsel- 
ing and education. Let’s examine each 
phase of this program separately. 
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Preventive Medical Programs Needed in Industry 


Preplacement Physical Examinations.— 
This examination, when performed prop- 
erly and thoroughly, is the foundation for 
good plant health services. It not only is an 
aid in proper placement but also forms the 
basis for early recognition of future changes 
in the health status of the worker. It is 
recognized that some labor unions have ob- 
jected, or do object, to preplacement physi- 
cal examinations and periodic health in- 
ventories. They may believe that the 
employer uses them primarily for the pur- 
pose of excluding from employment certain 
workers undesirable. Where 
such is the purpose and practice, unions are 
justified in their criticism. When adminis- 
tered properly and with mutual understand- 
ing, however, it is the worker who has the 
most to gain by such an examination. 


considered 


The three main purposes of physical ex- 
aminations are (1) to facilitate placement 
of a worker in accordance with his indi- 
vidual physical or mental fitness, (2) to 
acquaint the worker with his physical 
status and to assist him in improving and 
maintaining personal good health, and 
(3) to safeguard the health and safety of 
others.* 

The physician’s foremost responsibility is 
the welfare of the worker. Management 
and employees must believe in him and trust 
his judgment. The physician should be 
familiar with the various jobs in the plant, 
and through the 
worker’s physical limitations and the en- 
vironmental conditions which the worker 
should avoid for his own good. A worker’s 
abilities should be considered as well as his 
disabilities, when recommending placement. 


determine examination 


When some defect 
ness is detected, the worker should be refer- 


or early sign of ill- 


red to his family physician for treatment. 
This early detection frequently prevents 
long-term illness or even death. 
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Should there ever be any reason for a 
worker to doubt the physician’s decision, the 
problem can frequently be resolved through 
discussion between the worker's family phy- 
sician and the plant physician or between 
the union representative and the plant phy- 
If this should fail, the union indus- 
machinery for settling 
grievances may be used. 

Periodic Physical Examinations.—This 
is the health inventory or screening examin- 
ation given at intervals agreed upon as best 
according to the worker’s job (the more 
hazardous the job, the more frequent the 
examination), his age, or the findings of his 
Like the preplace- 
ment examination, the periodic examination 


sician. 


trial relations 


previous examination. 


helps detect disease and defects early enough 
to get them under control. The examination 
will also help determine whether a worker’s 
job is adversely affecting his health. 
Emergency Care, Including First Aid.— 
Any injury or illness incurred on the job 


should be given adequate first aid and spe- 
cific Properly located and 
supplied first-aid facilities, including trained 
personnel, should be available. Prompt 
treatment of minor injuries frequently pre- 


medical care. 


vents serious complications. 

Supervision of the 
Prevent Health Hazards.—A survey of the 
working area to discover health hazards, 
followed by elimination of the hazard, or 
measures taken to protect the workers, is a 
must in all places of employment. The em- 
ployees must recognize their responsibility 
in carrying out preventive measures for 
their protection, such as the wearing of 
protective gloves to prevent dermatitis. 
Adequate sanitary facilities are essential for 
the prevention of communicable diseases. 
Here, too, when management provides ade- 
quate facilities the employees have a_ re- 
sponsibility for using them properly and 
helping to keep them sanitary. 


Environment to 


Health Counseling and Education.—To 
get maximum use and value out of the plant 
health services, workers must understand 
their purpose. They must understand why it 


is important to see their own physicians 
when some early sign of illness or disease 
is detected. Understanding why certain 
health measures are important and how to 
use the facilities provided is essential for a 
successful preventive medical program. A 
plant health committee, with worker partici- 
pation, to discuss and help solve plant health 
problems, may be one way to create under- 
standing and appreciation of plant health 
services. 

To be able to talk confidentially to medi- 
cal personnel about family as well as per- 
sonal health problems, and to be able to re- 
ceive assistance in finding help, is a great 
relief from worry. Thus counseling is an 
aid to prevention of emotional problems. 

These basic components of a good plant 
health service are all preventive in nature. 
How industries carry out this program 
differs according to type, size, and location 
of plants. If the industry is large, it may 
have a full-time medical department. Since 
most plants are small, the physician’s serv- 
ices are likely to be part-time or on call, and 
there may or may not be a plant nurse. No 
operation is too small for some type of 
preventive health services. 

Sometimes the question is asked whether 
such preventive health services are feasible 
for logging, sawmilling, and other wood- 
working operations. Though there may 
sometimes be problems in locating medical 
services because of distances involved, we 
believe it is feasible to have preplacement 
physical examinations, periodic health in- 
ventories, and good, supervised first aid. 
Assistance with health education programs 
and industrial hygiene sanitation services 
can usually be secured from health agencies 
within the community or state. 

For a plant of 200 or more employees, a 
nurse may prove extremely valuable, not 
only in administering first aid but also in 
health counseling and education and in as- 
sisting the physician or physicians providing 
the plant medical services. 

Everyone concerned benefits from an 
adequate health program—the worker and 
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his family, plant management, and the com- 
munity as a whole. The development of 
mutual understanding on the part of all 
concerned is essential to its success. 

R. Suttivan, M.D. 

Director, Occupational Health Section 

Oregon State Board of Health 


Industrial Medicine 
A Challenge to Industry 


Dr. William P. Shepard, Second Vice Presi- 
dent of the Metropolitan Life Insurance Com- 
pany, at a meeting of the Cincinnati Academy 
of Medicine, spoke on the challenge which oc- 
cupational health places before the entire medi- 
cal profession. 


No physician can practice good medicine 
unmindful of his patient’s occupation. 
Even the housewife encounters occupa- 
tional hazards, as do the white-collar 
worker and the farmer. What I wish to 
discuss here is the health of the industrial 
worker, one of the nation’s most valuable 
assets, and how his health protection may 
affect the practice of medicine in indus- 
trial areas like Cincinnati. 

Urbanization and industrialization are 
having profound effects on the practice 
of medicine. Thousands of young fami- 
lies are moving into industrial centers, 
leaving behind the stabilization of family 
ties, including the family doctor. In- 
dustry’s ever-changing processes are in- 
evitably accompanied by ever-changing 
health and safety hazards. Industry pro- 
vides a unique environment in which to 
accomplish the modern physician’s ob- 
jective of combining preventive medicine 
with therapeutic medicine. 

Only physicians can supply the skill 
and knowledge needed to minimize the 
physical and mental attrition inherent in 
work, and in living in general. Our na- 
tional economy can no longer afford the 
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old practice of limiting the privilege of 
work to those most nearly physically per- 
fect. Employers nowadays are gradually 
accepting the concept that some kind of 
job can be found for nearly everyone. 
To do so, however, requires the best of 
medical appraisal of physical and mental 
endowments. The work place, be it large 
or small, offers the physician unparalleled 
opportunities to match the demands of 
the job with these endowments. 

More than three-fourths of the workers 
and nine-tenths of the employers of this 
country are in establishments too small 
to justify engaging a full-time medical 
director.!. Whatever occupational medical 
giudance they get must come from part- 
time physicians who have some interest 
and competence in the health problems 
of industry. 


The Scope of Industrial Medicine 


The scope of industrial medicine is 
wide, but there is a core of essential 
services equally important to all indus- 
tries, large and small.? 
outlined simply as follows: 


They may be 


Control of the Environment 


(1) Toxic hazards—dusts, lead, beryl- 
lium, carcinogens, and many others. Such 
hazards are relatively rare but of great 
importance to industry because of their 
preventability and compensability. 


a 
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(2) Air, light, temperature, sound—in- 
cluding safeguards against excessive 
noise, extremes of barometric pressure, 
temperature and humidity, defective 
lighting, and exposure to radiant energy. 

(3)Infections—ranging from the baffl- 
ing problem of the common cold to tuber- 
culosis, anthrax, and brucellosis. 


(4) Accidents—the general field of en- 
vironmental control also includes medical 
cooperation with the safety engineer, 
since a large proportion of accidents have 
a psychological etiology and are there- 
fore in the medical field. 


Job Placement 


Management cannot make the most 
of the available supply of manpower 
without the medical guidance provided 
by the preplacement examination. Its 
purpose is to assay the physical and men- 
tal assets and liabilities of the individual 
person so that medical recommendations 
can be made as to the kind of jobs he 
is best fitted for. In order to do this the 
physician must know the demands of 
the various jobs in the industry. It is 
therefore important for him to make 
rounds in the plant frequently enough 
to observe the physical and mental 
stresses and the potential hazards in- 
volved in each job. Job placement is a 
cooperative enterprise in which manage- 
ment has the final decision but in which 
wise management will give full considera- 
tion to the physician’s recommendations. 


Health Maintenance 


Management has a considerable invest- 
ment in its employees. It makes good 
sense to protect that investment. Only 
the physician or his personally trained 
and supervised representative (nurse or 
other inspector) can detect, through 
periodic inspections, bad practices which 
may increase toxic or accident hazards, 
improper sanitary facilities, and potential 
hazards to the water, and milk 
supply. 


food, 


One of the most important instruments 
of health maintenance is the periodic 
health examination of employees.* The 
technique and comprehensiveness of this 
examination are best determined by the 
physician. They will depend upon the 
hazards to which the employee is ex- 
posed, his age, his medical history since 
the preceding examination, and a review 
of his physicial defects. Oftentimes in- 
cipient degenerative disease can be de- 
tected in its earlier and more treatable 
stage. Frequently medical advice can 
be given about habits of work, recreation, 
and rest which will avoid or postpone 
disability. 

Many times the industrial physician is 
able to detect beginning serious con- 
ditions which call for careful medical 
attention. 


His usual procedure then is 
to urge the employee to seek advice of 
his own personal physician. 


The industrial physician has a natural 
interest in and responsibility for follow- 
up of employees who are under the care 
of their private physician. He is usually 
a welcome consultant over the telephone 
or otherwise when he inquires of the 
health of an employee. He is frequently 
able to assist with the employee’s re- 
habilitation by arranging a modification 
of duties upon his first return. 

There are many elaborations of these 
essential services which need not be de- 
tailed here. Some industries have arrange- 
ments for hospital care, some of them 
owning and operating their hospitals. 
All industries in the United States are 
required to give complete medical care for 
workmen’s compensation cases. Some 
union health centers provide outpatient 
care only and have some type of insur- 
ance coverage for hospital care. 


Over-All Picture 


If we take a long view of medicine 
in industry, we will see a number of 
things happening that are important to 
organized medicine in general, and in 
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particular to the private practicing physi- 
cian in any industrial area. 

First, there is greater demand for med- 
ical service, guidance, and advice in in- 
dustry than ever before. This is partly 
because more are employed than ever 
before. It is also because good medical 
programs in industry often reduce the 
cost of workmen’s compensation insur- 
ance. 

Today management recognizes in- 
creasingly the importance of morale 
among workers. Healthy, happy, willing 
workers may make the difference between 
profit and loss. A good medical program 
improves morale. 

Second, there is a great demand from 
unions for fringe benefits, including some 
form of medical care. Thus, the bargain- 
ing table has forced some employers to 
provide funds for medical care for their 
workers. 

Third, in some sections of the country 
a system of medical cooperatives has 
developed in which the physician or a 
group of physicians is guaranteed a min- 
imum income and adequate hospital and 
laboratory facilities by the employer and 
the community. 


Finally, there has been an enormous 
growth in the number of persons who 
provide themselves voluntarily with some 
form of prepayment plan through which 
medical and hospital bills are paid either 
in full or in part. The Health Insurance 
Council estimates that ninety million per- 
sons in this country are now provided 
with one or another form of prepayment 
medical or hospital care.‘ 


Enormous forces, sociological and 
political, are focusing attention on the 
purchase of medical care. Purchasers of 
medical care need our guidance as to 
quality, quantity, and cost. We must take 
every opportunity to advise them on how 
good medical care can best be provided. 
If we do not make our voices heard, we 
do a disservice to the public and to our 
profession. 
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It remains to be seen whether the im- 
pact of present-day forces will result in 
a bilateral agreement between manage- 
ment and labor as to the kind, quantity, 
and cost of medical care to be provided. 
If so, medicine will be between the upper 
and nether millstones. Now is the time 
to strive for a tripartite agreement among 
management, labor, and medicine. This 
will not come easy. The history of gov- 
ernmental control of medicine in Europe 
is not reassuring, nor is the history of 
the workmen’s compensation acts of the 
various States of this country. In both 
instances medical advice was largely ig- 
nored during the legislative stages. 

These are matters of concern and of 
action in the American Medical Associa- 
tion. Their Council on Industrial Health 
has for many years studied health prob- 
lems in industry and their relationship 
to the private practice of medicine. For 
fifteen years it has held its annual 
Congress on Industrial Health at which 
leaders of medicine, management, and 
labor are heard.’ The board of trustees 
of the A. M.A. has recently appointed a 
commission to make a complete study of 
all forms of prepayment medical care 
and to report to the board of trustees 
within the year.® 


The Job To Be Done and How 
to Do It 


From this brief description of the 
scope of industrial medicine, and of the 
over-all picture, let us now turn to the 
job to be done and how to do it. 


We have just considered the need for 
immediate medical leadership. This can 
best be asserted in the local communi- 
ties, because the national organizations, 
including the American Medical Asso- 
ciation, are only the flower of the organ- 
ization “plant” whose roots come from 
each local community. 


One of the most helpful things that 
can be done to assert medical leadership 
is the appointment of a committee on 
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occupational health by each State medical 
society and each local society where there 
is any amount of industry. The Council 
on Industrial health has been advocating 
this practice for years, and now some 
thirty-eight State have such 
committees. Once a year their represen- 
tatives meet at the annual Congress on 
Industrial Health, where we devote an 
entire day to the discussion of local 
problems. These committees receive 
studies and other publications of the 
Council.?. Through correspondence, and, 


societies 


when necessary, personal visits, special 
attention is given by our staff to prob- 
lems which they wish to present. Such 
committees study the special needs and 
health problems of local industries and 
develop channels of communication 
through which medical advice and assist- 
ance can be readily obtained. 

The second job to be done is to devote 
our attention to the preparation of more 
physicians to serve industry on a full- 
time This 
formerly. Several 


is much 
one- to 


basis. easier than 

three-year 
courses have been organized in public 
health schools and in graduate medical 
schools, where physicians may obtain the 
best of training. Thanks to the devoted 
efforts of a few who are pre-eminent in 
the specialty of industrial medicine, an 
Interim Specialty Board has been formed 
and has drawn up a plan for accrediting 
these courses and for providing suitable 
residencies for those who wish to special- 
ize in this field. These plans have been 
approved by the Council on Medical Ed- 
ucation and Hospitals of the A. M.A., 
and by the American Board of Preventive 
Medicine, which is now ready to begin 
to examine and certify, as specialists, 
physicians who demonstrate special qual- 
ifications in this field. 


The third job is to encourage physi- 
cians to become interested in part-time 
work in industry. As we have seen, they 
must provide the industrial medical care 
for the great majority of workers in this 
country who are in plants too small to 


justify a full-time medical director. A 
long postgraduate course of specialist 
training is not essential to these men. 
They may learn much by attending the 
several short courses now available, by 
reading the several excellent periodicals 
devoted to the subject of industrial medi- 
cine, and by attending several scientific 
meetings devoted to occupational health. 
These men may be considered the general 
practitioners of industrial medicine. Like 
other general practitioners they will know 
when to call in the industrial medical 
specialist when they encounter special 
problems beyond their competence. 

A fourth job is to make it known to 
local industry that the county medical 
society and a group of specially interested 
physicians are available to them for ad- 
vice on specific health problems and for 
assistance in locating part-time medical 
consultants when they are ready to do so. 

A possible fifth job has been undertaken 
in some cities where a group of physicians 
with special competence in the industrial 
field has organized to serve small industries 
on a unit-service basis. In such plants a 
member of the staff goes to each of the 
subscribing industries, for whatever length 
of time seems necessary each week, to give 
the basic medical services which every in- 
dustry so urgently needs. The service is 
paid for on a formula based on the size of 
the payroll of the industry.* 

Finally, among the tasks to be done is for 
all physicians, general practitioners, and 
specialists alike, practicing in an industrial 
community, to acquire at least a general 
knowledge of the problems of occupational 
medicine and an understanding of the func- 
tions and purposes of the industrial medical 
director. They will come to regard the 
medical man in industry as a valued con- 
sultant and colleague who is not encroach- 
ing on the private practice of medicine, but 
rather enhancing it, and who will be helpful 
to the patient when the time comes for his 
return to work. All physicians must bear in 
mind that the doctor’s report on the degree 
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and length of disability of his patient is ac- 
cepted by industry and by the insurer alike, 
as prima facie evidence. It is seldom 
questioned. Every physician who signs a 
claim paper of any kind for an industry or 
an insurance company, including Blue Cross 
and Blue Shield, will remember what was 
so pointedly stated by one of the medical 
speakers at the last industrial health 
congress, “The doctor can make or break 
any prepayment medical plan.” 


Accomplishments Which May 
Be Expected 


When all this is done, and it will take 
time and patience to do it, what then may 
we expect to have accomplished ? 

Occupational medicine is a challenge to 
the medical profession, both scientifically 
and sociologically. It presents many curious 
phenomena; many problems which are 
basically toxicological or chemical in nature, 
many of which are solved only by a 
thorough knowledge of normal anatomy and 
physiology; many problems of psychoso- 
matic medicine. To have the opportunity 
to study these problems is interesting and 
exciting to many. 

Since production and military strength 
go hand in hand, it is essential to the defense 
of the nation to keep production at a maxi- 
mum. Much of this is a medical problem, 
and thus physicians who are engaged in it 
are participating importantly in the nation’s 
safety and preservation. 

The opportunities for research in indus- 
trial medicine are almost limitless. Here 
the physician may encounter his first oppor- 
tunity to study health statistics in the mass, 
either of presumably well people or of those 
with known physical impairments. One 
eminent surgeon’s chief delight is the few 
hours a week he spends in a large industry, 


where he now has complete records on over 
2000 cases of gastric and duodenal ulcer, 
with exact records of what has happened 
to them for a minimum of ten years. How 
does the person with cardiac impairment 
fare in industry? Does he rightfully belong © 
among the unemployed, or can he serve 
some useful purpose under proper medical 
guidance? What does the aging process do 
to the average worker? How soon and at 
what point in his anatomy will the first 
signs of arteriosclerosis appear, and how 
much of a handicap will it be? Industry 
offers an opportunity to keep exact records 
on the amount of disability from accident 
and illness in a group of working people, 
and the effects of various methods of re- 
ducing this absenteeism. Industry offers 
almost as much opportunity as does a school 
for various techniques of health education 
and their evaluation. 

P. SHeparp, M.D. 

Second Vice President 

Metropolitan Life Insurance Company 
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